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TRACT XXXIV 


(conriNvED.)p 


NEW EXPERIMENTS IN GUNNERY. 
| THE EXPERIMENTS OF 1784. ‘ 


68. Wednesday, July 21, Xe. 1784. © ® 


* 
IN the course of last year’s operations we experienced 
several inconveniences from some parts of our apparatus, 
which we determined to remedy if possible, These regarded 
chiefly the time-pieces, the axes of vibration, and the 
method of measuring by the tape. For ricasiteaiie the time 
of a certain number of vibrations, we united the use of 
a second stop. watch with a simple half-second pendulum, 
made of a leaden bullet suspended by a silken thread, 
which did not always agree together. Again, the axes 
of the gun and pendulum frames were not found to be 
so devoid of friction as might be wished. But, above all, 
the chief cause of dissatisfaction, was the method of measut= 
ing'the extent of the vibrations by means of the tape; which 

was, notwithstanding all possible care and precaution, still 
| subject to much irregularity, by being wetted by rain, or 
blown aside by the wind, or otherwise entangled, which 
rendered the measurements doubtful and irregular. 

The preceding “part of this year therefore was employed 
in correcting these and other smaller imperfections in the 
apparatus. To our time-pieces we added a peculiar one, 
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- which measures time to 40th parts of a second.—Next, by 
a happy contrivance, the friction of the axes was almost 
, intirely taken off. This was effected by means of sockets of ® 
-a peculiar construction, fog the axes to work in. First 
imagine the half of a short cylinder, of 2 or 3 inches long, 
cut lengthways thfough the axis, and of a diameter a very 
little more than the ends of the axis that are intended to work 
in it : if this were all, it is evident that the axis, in vibrating, 


; would touch this socket in one line only, because their 


a 9 diameters were unequal. Next imagine the inside of this 


sket to be aduall ground down towards each end, from 
» nothing in the middle ; so that the inside resembled a tube 
e having its two ends bent downwards, and rising highest in 
the middle. Then it is evident that the,axis will touch the 
socket in this one middle point only. And further, the 
under sides of the axis itself were ground a little, to bring 
the undermost line to a blunt edge, something like the pivots 
of a scale beam. The consequence was, that the friction 
was not sensible in a great number of vibrations ; and here- 
after we commonly made the gun and pendulum vibrate for — 
just 10 minutes, and divided the counted number of vibra- 
tions by 10, for the mean number per minute—And for 
measuring the arcs of vibration more certainly and accu- 
rately, we constructed a strong wooden circular arch, of 
about 4 feet in length, cut out to a radius of just 10 feet. 
This arch is divided into chords of equal parts, each the 
1000th part of the radius, or 343th parts of an inch, as 
before deseribed in Art. 16. This arch being placed 10 feet 
‘below, and concentric with the axis, and the groove in the 

. middle of it filled with the soft’composition of soap and wax, 

_. athe stylette, or small sharp spear, traces in the groove the 
extent of the vibration, and the corresponding divisions on 
each side of the groove show the length of the chord 
vibrated. And as these chords are in 1000th parts of the © 
radius, the value of 7, in the theorem for the velocity of 
the ball, will be 1000 for all the following experiments; - 
and then that theorem will become 
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se oo by. the pendul d 
v=; oe gc y the pen ulum, an 
=e i x “a by the recoil of the gun. 


Orv = 12°742 x 7 or x — by the gun n° 2, when we 
substitute the values of Gc, g, 7, 2, specified in Art. 36. 
And further, when 6 = 1:047, it isv = 122c. 

The apparatus having been prepared, we employed the 
three days, July 21, July 26, and August 3, in hanging it 
up, and in weighing, measuring, and adjusting all the ig 

ly. 


and trying them by firing a few rounds with powder 
The 4 rounds fired on the first of those days, of 4 ounces 
each, with the gun n” 1, weighing 917 lb, gave 56 at the 
first round, and at each of the other three 57 divisions on 
the measuring arc, for the recoil of the gun. 
69. Wednesday, dugust 4, 1784. 
Frequent showers of rain. 
no|Pow- wea Vibration 0} Point & Values of Yeloc. 
der | gun gun | pend strack| 7 p g n ball 
oz Ib inches|in} lb _ | inches feet 
1} 2} 478 55 
Q| 2) 478 55 
3} 2) 478 57 
4| 2| 478 5] 
5| 4] 478 1122 
6} 8| 478 |252] | s 
11 6| 478 | 426 | 166 | 88°9) 9 |631°5|76°79 |40°23 1313 
8| 6| 478 | 387] 151 | 89°3) 5 |632°8|76°81140°23 1192 
9| 6| 478 | 426) 164| 88:9) 83 |634°0|76°83 |40° 23 1303 
10} 6] 650 | 279|158| 89°92! 7 |635°3|76°85 |40°23 1254 
11} 6| 650 | 290} 160 | 88:0) 8 |636°6|76°87/40°23 1291 
12} 6] 917 | 193] 157 | 87°3| 9 |637-9|/76-90|40°22 1280) 
13} 6| 917 | 199] 162| 86°9| 9 |639°1176-92|40-22 1329 
14, 6]. 917 85) 0 
15} 6| 917 11041 20 | 82°3| |640°1176°94|40°22 


Omitting n° 8, the mean ‘is 1295 
B2 
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The general weight of the ball was 16 oz 14 dr; except 
n° 15, which was 1 oz 10dr; and n® 14 was without any 
ball. baa 

Here, and in all the future days, the chords of vibration, 
of both gun and pendulum, are expressed in 1000th parts 
of the radius. 

The Gun was n° 1.—We began this day with the weight 
of the gun and its iron frame only, without any of the 
leaden weights. Then the one set of weights was put on aa 
n° lo, and the other at n° 12. This was done to try the 
effects of different weights of gun on the velocity of the 
ball, experimentally to correct a common error which had 
been adopted from time immemorial, by professional men, 
namely, that heavier guns, ceteris paribus, give the greater 
velocities. The erroneousness of which opinion is proved 
by the experiments of this and some of the following days. 
And it is needless to prove a priori to scientific men, that. 
the difference in the effects cannot be rendered sensible by 
any measurements which we can make of the velocity. 

The PENDULUM was the block of last year, with a new 
core, and a facing of sheet lead. Its weight, taken this 
morning, was 627 lb. | 

The plugs weighed 7 ounces to 11 inches, on an average ; 
which proportion may always be used in future, at least 
till another be mentioned. } 

The 8th n’ is doubtful, and is omitted in the medium. 


The 14th was with powder only, like the first six. And 
the 15th was without ball, having only a wad made of junk, 
weighing 1oz 10dr. This made a small impression, of 
about half an inch deep, in the face of the pendulum, and 
rebounded back. And it strack the pendulum at more than 
6 inches above the line of direction. 

Note, the centre of the pendulum, as before, is at 88°7 
inches below the axis. And the value of 2, for the mean 
distance of the points struck, is 88°4. 

By comparing together the first 6 rounds, which are 
all with the same weight of gun, we find that the mean 
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proportion of the recoil, with the different charges, without 
balls, is as follows : 


2 oz 402 8 oz 


56. 122 252 


the recoils being rather in a in pr proportion than the 
charge of powder. 

If we compare the mean of the first 4, with 2 oz of pow- 
der and 478 lb weight of gun, with the mean of July 21, 
with 40z of powder and 917lb weight of gun, we shall 


obtain as follows: re 
Charge - - = 202 4 OZ 
Weight of gun 478lb - - 917lb 
Hecoil «2 +. 56 rap nn etnli 


So that, in this instance, the less charge gives a recoil, 
in proportion to the greater charge, a little above the direct 
ratio of the weight of powder, and inverse ratio of the 
weight of the gun. For that ratio, or 2 x 917 to 4 x 478, 
is as 56 to 58. 
If we compare n° 5 with the mean of July 21, which are 
both with 4 oz of powder, they will stand thus : 
Weight of gun 478 = - 915 
Recoil = - 122 - = 57 
which shows that, in this instance, the same charge gives 
more than double the recoil to half the weight of the gun. 
Lastly, if we compare the means of each pair of velo- 
cities with the several weights of gun, we shall. have as 
follows : 


1313 é 

oat 1308 mean with 478 lb wt of oun 
1254 

aps ih ity parley Avo a: 6 fel MN cet 
1280 

AY, aad eth Dia aloha ces 9 


which differences are neither regular, nor greater than what 
happen from different trials, with the weight and all other 
circumstances the same. 
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» For the 6 oz charge the 


Mean recoil with ball - 196 
Ditto without - - - $5 
Difference, ore = - - Ill 


Hence velocity by recoil 1339 


Ditto by the pendulum 1295 
Difference’: = - - .- . 44 
Orthe part - - - - 35 


10. Thursday, August 5, 1784. 
A fine warm day. 
Barometer 29°98 ; Thermometer 68 at 10 A. M 


Weight |Vibration of P Values of Veloc 
o| of Rh of 
N gun gun peat struck = p g n ball 
Ib inchesjinc| Ib inches feet 
1) 485 | 127 
9, 485 | 176 : 
3 485 | 460} 195 | 86:8 | 9 | 640°4 | 76°94 | 40°22 | 1606 
4| 485 |4591]197]87°2| 8 | 641°7 | 76°96 | 40°22 | 1619 
5} 655 |312| 196| 88-1] 7 | 642°9 | 76°99 | 40°22 | 1598 
6| 655 | 319] 196 88°3 | 7 | 644°2 77°01 | 40°22 | 1598 
1; 917 | 218 | 200|87°3'] 9 | 645°5 | 77°03 | 40°21 | 1653 
8| 917 | 216) 196 | 88°3 | 9 | 646-7 | 77°06 | 40°21 | 1605 
9} 1170 | 174] 202 | 89:4} 7 | 648°0 | 77°08 | 140°2 | 1637 
10} 1170 | 168! 198 '89°1] 8 | 649°3 |.77°11 | 14082 | 1614 


mean of all 1616 


The weight of every ball was 160z 14dr. The first 
charge of powder was 4 ounces, and all the rest 16 ounces. 

The Gun was n° 3.—Began first with its own weight 
only ; then at n° 5 put on one pair of the usual weights ; at 
n° 7 the other pair ; and lastly at n° 9 fixed on some extra 
weights. But the result shows that the velocity of the ball 
is the same with all of them. 

The Penpvutvm as left hanging since yesterday. 

The value of 7, or medium among the points struck chene 
last two days, is 88°2. 
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. ie } 1613 mean velocity with 485 lb weight of gun 
ae ry Memes OO ge 
dlacene ab ay amp atin Hie Rain he: 
BBS Mery gel. -locdowinnionity Giolioul) eve ovcinre 


1616 mean for 6 0z with eun 3. 


71. Saturday, August 7, 1784; from 11 til 2. 
The weather fair, but cloudy at times. 


Barometer 29°92 ; Thermometer 64° at2 Pp. M. 


Weight |Vibration of } na Values of 
NO af ROALD SERINE B29 SI” 
wad | gun | pend jStruck}Ai] g n 
oz dr inches | in lb inches 
] 58 
22 AOE 119 F-911.93°0 
3} 2 91120} 20) 78°0 
4 93 
5 93 
6} 2 10 | 225 | 206 | 89°7 651°6 | 77°14 | 40°31 
71 2 8 | 228)212 | 89°4 652°9 | 17°16 | 40°21 
81 2 9 | 230] 206 | 87:6] 5] 654°1 | 77°19 | 40°21 
9} 2 9 | 232) 217 | 89°38 )12) 655°4 | 77°21 | 40°21 
10} 2. 8 | 231 | 206 | 88°8 10] 656°7 | 77°23 | 40°20 


11 219 | 199.) 89:2] 6| 657-9 | 77°26 | 40°20 
12| 4 14 | 236 | 205 | 89°7| 8] 659-2 | 77-28 | 40°20 
4 12 | 23512201 89:5} 5) 660°5 | 77°30 | 40°20 


The first charge of powder was 4 ounces, and all the rest 
6 oz; the balls 16 oz 14dr. 

The Gun, n° 3, with the usual leads, weighed 917 |b. 

The mean height of the charge of 6 ounces was 4°5 inches. 

The PenpuuuM as left hanging since the last day. 

The value of 7, or the mean among the points struck 
these last three days, 88°5. 

The object of this day’s business, was totry the effect of 
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different degrees of ramming the charge of powder, with — 


the effect of wads placed in different positions. Sometimes 
the powder was only set up without being compressed, and 
sometimes it was rammed witha different number of strokes, 
and pushed with various degrees of force: but no sensible 
difference was produced in the velocity. The wads, which 
were of 2 inches length, firmly made of junk or rope yarn, 
and made large to be with difficulty pushed into the gun, 
were diversly placed and varied in number, being isome- 
times introduced between the powder and ball, and some- 
times over both. But no effect. was perceived from them on 
the velocity of the ball; this being indifferently the same, 
either with one wad, or two, or none at all. ‘The reason 
of which is probably because the balls had very little 
windage. At the last two numbers two wads were used ; 
in most of the others only one; weighing on an average 
about 2 oz 9dr. 

When balls were used with the wads, it was common for 
them both to enter the pendulum by the same hole. But it 
is remarkable that, when the wads were discharged without 
balls, they commonly struck wide of the line of the gun by 
6 or 8 inches, and indifferently either too high or too low, 
or to the right or left ; and sometimes they flew in pieces 
before they struck the block. 

Tie velocities of the ball in these experiments are not 
computed, as the effects of the blow from the ball and the 
wad are compounded together, and that in an unknown 
degree, as the wad sometimes flies in pieces, and sometimes 
not, or strikes the pendulum with various degrees of force at 
different times ; and also sometimes the wads enter the pen- 
dulum, and sometimes they rebound from it. 


“+ 


— 
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72. Tuesday, August 10, 1784; from 12 till 2. 
The weather thick and cloudy. 


Weight of = [Vibration of} |. I'm Values of 

N° Point bp 

ball - | wad | gun | pend | Strack) = p g n 
oz dr {oz dr inches| in lbs inches 

] 56 

2 56 

S| 14 ¢ 25 203 | 170 | 89°4 | 7 |674°8 |'76°62 |40°26 
4,14 3 195 | 159 |89°8 | 8 | 676°1.| 76°64 |40°26 
5|14 22/4 12/214}]161 |89°5| 5) 677°3 | 16°67 |40°26 
6} 14 324}4 10) 215 | 163 |89°3 | 6 | 678°6 | 76°69 |40°26 
7114-4 |2 5§;)208 1171 |89°3 | 6|679°9 |'76°72 |40°26 
8} 14 221)2 4/208 4171 |89°1), 6) 681°1 | 76°75 |40°25 
9} 13 152 |2 10} 208 | 176 | 89°5 | 5 | 682°4 | 16°77 | 40°25 
10] 14 © 32|)4 10} 230 | 187 |90°3 | 8 | 683°7 | 76°80 | 40°25 
11) 14 32)4 12/232 | 218 |90°8 | '7|}685°0 | 76°82 |40°25 


N° 1 and 2 were with 4 0z of powder ; all the rest 6 oz. 

The mean diameter of the ball was 1°$75; so that the 
windage was ‘15. 7 | 

The mean height of the charge of powder was 4°4. 

The Gun n° 3; its weight 917 lb. 

The object this day was the effect of windage with low 
‘balls, and the effect of wads, both high and low ones. The 
wads struck variously, either above or below or with the 
ball. ‘The two wads in the Jast round were made of well- 
twisted twine, and firmly bound: they struck the pendulum 
very hard blows. The other wads were of junk, and did 
not strike so hard. 

Here, the balls being smaller, and consequently the wind- 
age more, the vibrations are much smaller, though wads 
were used. So that it seems the wads do not prevent the 
escape of the inflamed powder by the windage, nor make 
any sensible alteration in the velocity of the ball. 

The velocities are nat computed, for the same reason as 
specified in the last day’s experimeuts, 

73. The PzENputvum block had not been altered since the 
last day’s experiments. But the iron stays of the stem had 
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been changed for others that are stronger, and which weigh 
10]b more than the old anes did. This additional 10 lb 
of iton must be added to the. weight of the pendulum; and 
new theorems must be made out, for determining the change 
in the centre of gravity, and the number of vibrations per 
minute. Now this rod, of uniform thickness, reached from 
the lower side of the axis to within 24 inches of the top of 
the block ; consequently its length was 51°4 inches, and its 
middle point, or centre of gravity, was at 26°6 inches below 
the middle of the axis of vibration. This number 26°6 
then will be the value of 2 inthe theorem G=77°3 + =o, 
for the place of the new centre of gravity, where the value 
of 6is 10; which theorem gives 
G = 773 — 0°16 = 76°54 for the centre of gravity. 
And the same values of 7 and 4, substituted in the theorem 
2 Sm ae am susier sii ay 
N = 40:2 + ‘07 = 40°27 for the number of oscillations. 
Hence then, in this new state of the pendulum, the value 
of g is 76°54, and the value of n 40°27, corresponding to 
the value 670 of p, or weight of the pendulum. That is, 


give 


P _ § a ee 
670 1654 40°27 
are the new radical corresponding values of p, g, ». And 
these values, being substituted in the two general theorems, 
namely, 
Cray +: a =, and 
Be baat bin(inn — 140850) 
PE 281700 pg + bi(inn + 140850)? 
nied become 
— 16°54 
G= 76°54 + - a eras and 
ab 40-27 bi(i—86) 
N = 40:27 — s820818 + bi(i + 86)? 
orn = 40°27 — tink nearly. Which are the 


soe 
theorems to be used now and hereafter for the values of g 


and n. And where the distance of the centre of oscillation : 
answering to the number 40°47, is 86. 


— 
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The value of 7 this day, or the mean distance of the 
points struck, is 89-7. 


74, Wednesday, August 11, 11843 from 10 till 2. 
The air was warm, close, and thick. 


Barometer 30°25 ; Thermometer 65° at 10 A. M. 


Vibrati f ‘ 

Ne Mitr Aachen Point | % Values of Veloc. 
der a struck | = , 
een eater | P g n ball 


mel 


inches | in, lb inches feet 


D65 
272 | 183 | 89°4| 7| 686°7 | 76°87 | 40°25 | 1561 
240 | 176 | 89°7| 6) 688°0 | 76°86 | 40°24.| 1499 
297 | 183 | 89°5! 61 689°3 | 76°91 | 40°24. | 1566 
7 
6 


— 


258 | 168 | 88°8 690°6 | 76°93 | 40°24 | 1452 
263 | 168 | 88°1 691°8 | 76°95 | 40°24; 1466 
293 | 177 | 88°2| 8] 693°1 | 76°97 | 40°24 | 1546 
327 | 182 | 89°8|10| 694°3 | 76°99 | 40°24. | 1565 
310 | 175 | 89°8| 9} 695°5 | 77-01 | 40°24} 1508 
240 | 172] 88°6| 8} 696:9 | 77:03 | 40°23 | 1505 
232 | 164] 89°7| 8} 698°1 | 77°05 | 40°23 | 14.21 
12} 6 151 /89°5| 6} 699°4| 77°07 | 40°23 | 1319 
13} 6 | 200 | 157 | 88°6| 6} 700-7 | 77°09 | 40°23 | 1388 
14/12 | 283 | 157] 85°1| 9}'702°0|.77°11 | 40°23 | 1448 
15)14 | 318 | 169 | 88-0} 7| 703°2| 77°13 | 40°23 | 1510 
16] 6 | 202 | 149 | 84°0| 8] 704°5 | T7715 | 40°23 | 1398 


ae 
CoerRPPRNOONHROBHE 


SUMAADAHE WN 


—_—— 
— 


The diameter of the balls 1:965, and weight 16 oz 14: dr. 

The Gun was n° 1, weighing, with the usual leads, 917]b. 

The PenputvuM as left hanging since yesterday. 

The mean value of 2, for the last two days, is 88°91. 

After the experiments were ended this day, the pendulum 
was weighed, and found to be 706 lb. Now the original 
weight, when weighed at first on the 26th of July, seemingly 
with as much care as now, was 627 lb; to this add 612 Ib 
weight of balls and plugs lodged in it, with 10 |b of iron 
added on the 8th of August, and they make together 698:lb ; 
from this take 1°6 lb, for the diminution of the leaden facing 
of the pendulum, by the balls striking and piercing it, and 
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there will remain only 6971b, which the pendulum ought to 
weigh, and which is 9lb Jess than it is actually found to 
weigh. I cannot imagine any cause to which this difference 
of weight may be attributed, as it is contrary to the effect 
heretofore experienced, the pendulum having always been 
found to lose in weight by hanging up; unless it arise from 
the moisture imbibed by the block in the 17 days it was up, 
and during all or the most part of which time it was very 
rainy weather, and the pendulum hung uncovered. Now 
the probability of this will be heightened by considering that 
the block had Jain by all the preceding winter, and till after 
midsummer this year, under cover, in the carpenter’s shop, 
a circumstance which would make it very dry, and so render 
it apt to imbibe moisture from the continually foggy atmo- 
sphere and rain, which have taken place ever since it was 
exposed. ‘This increase of weight then, being 9lb in the 17 
days, or nearly halfa pound perday,I havethought it safest to 
divide equally among all the days, by adding half a pound 
for each day it hung up, from the beginning of this year to 
the end of this day’s experiments. 

The object of this course was again to search out the 
maximum of the gun’s charge; but it is not a good set of 
experiments, the velocities being not regular, perhaps owing 
to the bad state of the pendulum, which was very much shat- 
tered. However itsufficiently appears that there was but lit- 
tle difference among the velocities due to 8, 10, 12, and 14 
ounces of powder. 


Weight of Powder 6 02 8 0z 10 oz 12 02 14 oz 
Mean height of charge 44 57 70 81 95 
Mean recoilof gun - 201 237 264 291. 318 


Velocities by pendu- \is8 1499 1561 1566 308 


1388 1505 1452 1546 1508 
lund Ye! OLE 


1398 1421 1466 1448 1510 


Mean ditto - = - 1368 1475 1493 1520 1528 


a i i I ite 


. 


TRACT 34, IN GUNNERY. 13 
* 


75. Thursday, September 9, 1784. 


Since the last experiments, the steadying-rods of the gun- 
frame having been lengthened, and the pendulum block re- 
paired with a new core, &c, we attended to weigh and mea- 
sure the several parts; the circumstances offwhich were as 
follow : ; 

Weight of the pendulum - GG8 om 
Therf. to its centre of gravity 75°93 = 
And its vibrations per minute 40°30 


3S 


The new stay-rods of the gun-frame weigh 17lb more than 
the old ones, so that now 


lb 
The weight of iron in the frame is 205 
Weight of gun andirontogether 495 
Weight of oun, iron, and leads - 934=6 


By this additional 17 lb weight of iron, the values of g 
and 2, or the centre of gravity and number of oscillations, 
will be altered ; which will cause an alteration in our theo- 
rem v = -- x rs by which the velocity of the bail is 
determined from the recoil of the gun, in Art. 36. The. 
values of these two letters were, at Art. 42 and 43, found 
to be g = 80°47, and n= 40°0 for the gun n® 2; but the 
former will now become something less, and the latter some- 
thing greater. 

Now the old and new iron stay-rods were nearly of equal 
thickness. But the old rods extended only 29 inches, and 
the new ones 58 inches below the axis ; the difference is 29 ; 
and the half difierence, or 143 added to the old length 29, 
gives 434 inches below the axis, where the middle or centre 
of gravity of the additional length is situated, the weight of 
which part is 17lb. But the centre of gravity was found to 
be 80°47 below the axis, when the whole weight was 917 Ib. 
Here, the difference of the two distances, or the distance 
between the two weights 17 and 917, being 37 inches, and 
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the.sum of the weights 934, we shall have 934 :17:: 37 0°67 
the change in the distance of the centre of gravity ; which 
being subtracted from 80°47, leaves 79°8 for the distance of 
the new compound centre of gravity. 


Also the correction for the value of will be determined 
. bin(inn — 140850) ° hy 
by the usual formula 281700 pe + bi(inn + 140850)? 19 ¥ hich 


b = 17, = 43°5, n = 40°0, p = 917, and g = 83°47 ; which 
values, being used in that formula} give 0-1 for the correc- 
tion of 2; to which add 40:0, and we shall have 40-1 for the 
new value of m, or number of oscillations per minute, for 
the gun n° 2; and consequently 40-2 for n° 1, and 40°0 for 
n° 3, and 39°9 for n° 1. Hence then the new values for the. 


gunn 2 are thus: 


@ g n t ip 
934 719°8 40°1 89°15 1000 


Then, using these values of G, g, , 2, 7, in the formula 


59000.  Gge ; 3 4 
= — —=— above-mentioned, it becomes 
96 birn 
205 


v= —- Xx = for the velocity by the recoil of the 
gun ; where bis the weight of the ball, and c the difference 
between the chords of recoil with and without a ball. 


And when 6 = 1:047]b = 16 oz 12 dr, the same theorem 
isv = 123¢ for the gun n° 2. And eyery j dram in the 
value of 6 will alter this theorem by the 4,th part nearly. 


Also for the gun n° | the above velocity must. be de- 
creased by the 400th part, and for n° 3 increased by the 
400th part, and for n° 4 increased by the 200th part. 
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é 
76. Friday, September 10, 1784 ; from 10 fill 1. 
_-- The weather fair ; but not warm. 
Vibration of : Values of 
N° Pow- ‘ phe 5 Sp Yar 
der gun | pend struck E\. p | g n a 
OZ inchesjin.| Ib inches feet 
ita Labs . 
Q\ 4 |116 : 
1 3} 6 | 194 
41 6 | 190 
Swe, 193 
6; 4 143 | 88°0 | 8| 638°0} 75°93 | 40°30| 1148 
* | 74 | 3221140) 88°31 7] 639°2 | 75°95 |40°30| 1123 
81 4 | 3241144 |89°3 | 7) 640°3| 75°97 | 40°30] 1144 
9| 4 |318)138|188°4| 6} 641°5| 75°99 | 40°30} 1110 
10) 6 | 4331173 188°517| 642°7 | 76°02 | 40°30| 1393 
11| 6 | 4321173 | 99°9|6| 643°§ | 76°04 | 40°30 | 1374 
12| 6 |430|1721|90°117]| 645°0| 76°06 | 40°30 | 1366 
13| 6 |427| 168 | 89°6 | 6| 646°1 | 76°09 | 40°30 | 1345 
14; 8 |519 | 188) 90°00} 7'| 647°3| 76:11 | 40°30] 1501 
15|.8 |498 | 172 | 88°9 | 8| 648°5 | 76°13 | 40°30 | 1394 D 
16| 8 | 5291190] 89°6)] 6 } 649°6 | 76°15 | 40°30 | 1530 
Li 2 92 | 89°41 3| 650°S | 76°17 |40°29| 744 
18} 2 {197} 98)|90°3}31|652°0 | 76°19 |40°29| 786 
19} 2 |187]| 911} 89°8)3|653°1| 76°21 |40°29; 736 


The ball’s diameter 1:96, and weight 16 oz 12dr. 

The Gun, n 1, without the leaden weights, weighed 495lb. 

The PENDULUM as specified the last day. 

The plugs weigh 6 ounces to 7 inches long, not being 
of so dry wood as before. And this rate of the weight of 
the plugs to be continued till an alteration is announced. 

The mean value of z, or point struck, is 89:29. 

Here 439 lb weight of lead being taken off, at the distance 
90°3 below the axis; and the centre of gravity yesterday 
being at 798 distance, when the whole weight was 934 lb ; 
therefore 495 : 439 :: 10°5 : 9°3 the change in the centre 
of gravity ; and consequently 79°8 — 9°3 = 70°5 = g is the 
distance of the new centre of gravity for this day. 
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geecas 34.0" 


Also the new number of oscillations per minute fot this 
day will be found by this ir mula, 


bi 


315°37—2$———. = 315 
cgo—bit 


*3/ 
G 


cg—bi 
140850 
§ .— 


— bit 


where the values of the letters are thus, namely : 


G = 934 
are = 19° 
b = 439 
24; = '90°8 
nm = 40'2 


a 
Now in this day’s experiments, the 


Charge or weight of Powder 2 oz 
Mean height of ditto - 1'8 
Mean recoil with ball - 192 
Ditto withonti >) i os sep). 
Difference, or c= - = . 
Hence velocity by recoil 4 
Mean dittoby pendulum = 755 
Difference - - - - - 

Or nearly the part - - 


4 OZ 


3°1 


These velocities from the recoil are found by the theorem 


= x —, where the values of the letters are thus: 
” G= 495 
by g= 105 
a b= 1°047 
t= 89°15 
m= 40°5 


= 40°53 
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e 
Tl Saturday, September 11,1784; from 10 tll 1. 


Very hot and clear weather. 


Bali’s Values of 


Veloc 
diam g n ball 

ae sane PE ES, 
inches inches feet 


2| 1°97 716'23 | 40°29 |1814 
3} 1°92 | 16 76°25 | 40°29 |1730 
4) 1°87 | 15 


76°27 | 40°29 11693 


1:97) 16 76°29 | 40°29 |1815 


6| 1°92 | 16 16°32 | 40°28 |1725 
7)1°87 115 76°34 | 40°28 1631 
8| 1:97 1 16 16°36 | 40°28 11341 
9} 1°92} 16. 76°39 | 40:28 |1255 


10) 1°87 115 76°41 | 40°28 |1298 
11| 1:97 | 16 16°43 | 40°28 11351 
1°92 | 16 16°45 | 40°27 11233 


1°87 89°3| 51667°11 76°48 | 40°27 


The charge of powder n° 1 was 4.0z; n°* 2,3, 4,5, 6,7 
each 8 0z; the rest 4 02. 

The Gun was n° 3, and weighed 934 Ib. ; 

At n° 2 the recoil 249 of the gun is too small; owing to 
the stylette, which ought to trace the arc, not marking all 
the way. 

The PenDuLuM as left yesterday. 

The mean value of 2, or point struck, these two days, is 
89°34. 
- The object this day was the effect of different sizes and 
weights of balls, and different degrees of windage. 

The mean weight of balls and velocity, for’ the two 
weights of powder 4 and 8 ounces, are as follow: 


a iyi. Cc 
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* 
Ball’s 
Powder’s wt diam Recoil Velocy) 
wt = ht oz dr » inches gun ball 


4 34 13°95 37 148 1225 
Ae 16 2 1°92 154 1244 
stat 16 14 1°97 165 1346 
8 5:9 15 2) M187} Boo 1662 
Oe z 16 3 1:92 249 1728 
one 16,14 1:97 269 1815 


Here the decrease of the velocity is uniformly observable 
with the decrease of weight in the ball, and that in a very 


}- 


considerable degree, instead of increasing, which it ought 


to do, if the windage were the same, or the balls had the 
same diameter, and that in the reciprocal subduplicate 
ratio of the weight of the ball. Now that ratio is the 
ratio of 151 to W163, or of 11 to 11,4. \ Therefore, as 
11: 1144 :: 1346 : 1424 the velocity the least ball would 
have had, if its diameter had been equal to the heaviest, 
But its Wiocity was actually no more than 1225; and there- 
fore the difference 199, or 4 of the whole, or 2 of the 
experimented velocity, is'the yelocity lost by the difference 
of windage ; though this difference was only y!; of an inch, or 
35 of the caliber, which is no more than the usual windage al- 
lowed in service, But the force, or inflamed powder, lost by 
the same cause, willbe 3, ora double part of the velocity, be- 
cause the velocity is as the square-root of the force or quantity 
of powder. Hence then, in charges with 4 ounces of powder, 
and ajwindage of 3, of the caliber, 2 of the charge is lost, 
or nearly a mean between 4 and £, 


“And if the computation be made in like manner for the 
above charges of 8 ounces of powder, it will be found that 
the part of the charge lost by the same windage, will be, in 
the case of 8 ounces, 4 of the whole; which is still more 
than the 5 part, though somewhat less than in the case of 4 
ounces. The reason of whit is, that the ball is sooner out 


? 
7) 


o 
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of the gun with the $ oz charge, and so the fluid has less 
time to escape in. 


* 


78. Thursday, September 16, 1784. 


“T oytry the effect of firing the charge of powger in different 


parts of it. 

Vibration of , PA Values of Veloc. 

oT eras 2 y Port POR SIRO ES SEE SEP ea 
gun | pend | Struck | = p g n ball 

* : 

1| 347 | 160] 88:0} 4 1668°3| 76°50 | 40°27 | 1388 
2\ 348 |161187°8| 7 |669°4! 76°52 | 40°27 | 1387 
431353 1165 | 88°5| 6 |670°6| 76°54 | 40°27 | 1413 
4} 350 | 161 | 87°5 | 6 |671°8| 76°57 40°27 | 1398 
5 | 346 | 157}.87°3 | 5 |672°9} 76°59 | 40°27 | 1369 
6 4 3524 159 | 87:2 | 51674:0| 76°61 | 40°27 | 1390 


The powder 40z; ball’s diameter, 1°96 inches; and 
weight 16 oz 9dr. | 

The Gun was n° 3 ; its weight 500 lb. 

The PENDULUM as ‘left yesterday. 

The mean value of 7, or point struck, these 3 days, 89:03. 


- ) ?. 
Powder Recoil Mean veloc. 
wt ht gun of the ball 


Be BLE co Re BAB me om SOL er 


The cartridge of n* 1, 2, and 4 was fired at the fore part : 
n° 3 and 5 behind ; and n° 6 in the middle: but there does 


not appear to be any difference among them. 
& 


Ps e2 


20 NEW EXPERIMENTS TRACT 34. 
a hs 
79. Tuesday, September 21, 17843 from 10; tll 13, 


The weather moderately warm. 


Vibration of : 2D Values of =~ 
0 Sew ie oe Paint as ee hie oo Oo eee Veloc. 
N struck | & feet “f 
der.} gun | pend [5'UCK | a, p g n “i 
SS ee ee ee cy ee ee | -|-- <, = 
Oz inches |inc| Ib inches ball 
4, | 166 


617,| 162 | 90°2 689°7 | 76°78 | 40°28 | 1388 
163| 89°6| 5 |690°8 | 76°80 | 40°27] 1420 
168 | 88°6! 4 


or 


4 |457 | 132) 89°7| 5 | 683°0 | 76°66 | 40°28 | 1125 
4 |451| 132 | 91°3| 4 | 684-1 | 76°68 | 40°28 | 1107 
4 1453) 136} 91°5| 4 | 685-2 | 76°70 | 40°28 | 1140 
6 157 | 88°9| 4 | 686°3 | 76°72 | 40°28 | 1357 
6 | 613 | 162|91°0| 4|687°5 | 76°74 | 40°28 | 1371 
6 | 591 | 153 | 90-1] 4 | 688°6 | 76°76 | 40°28 | 1310 
6 
8 
8 


OwuwmaAdO ane ON 


— 


691°9|76°82140°27! 1471 


The ball’s diameter, 1°965 inches, and weight 160z 12dr, 

The Gun was n° 1, without any of the leaden weights. 
The gun itself now weighs only 179 lb, as it has been 
lightened 111 lb, by turning it down, to try if the velocity 
of the bail would be any less by making the gun lighter ; 
but no difference appears, as the iron work is 205, the gun 
and iron together this day weigh 384 |b. 

80. The PENpUtum as left yesterday, except that it had 
received a strengthening strap of iron, w eighing Tlb 18402, 
which, reduced to its centre of gravity, is placed at 79 
inches below the axis. With this strap it weighed this 
morning, before the experiments commenced, 683 lb ; which 
is 6°2 lb less than it ought to be, by adding all the balls and 
‘plugs to the first weight ; of which 6-2 |b difference, about 
1°6 !b isfor waste of the leaden facing, and the rest 4°6 Ib 
is probably by evaporation: and as the time the pendulum 
has hung upis J1 days, the rate of evaporation is about 3 
of a pound per day. The 6:2 Ib loss is divided equally 4 
among all the 32 experiments that have been made. 
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On account of the i iron strap of 7°8 Ib added at 79 ‘ticle, 
as above, the formula last given, for thé variation in the 
centre of gravity and number of oscillations, will need cor- 
rection, namely the formula 


t— 76°54 
G => : — 
16°54 670 + mae 
* 7— 86 . 
Nis 9 emai eae) 2S 
40°27 217947 , 


"Now 'these formulae, by making 2 = 79, and 6=7 *8, become 
G = 76°54 +03 = 16°57, 
and N = 40:27 + ‘02 = 40°29. 
And hence the corresponding radical values are nearly 
P | & si 
678 16°57 40°29 


Which values, being substituted in the two general theorems, 
Viz, 


~— 2) 
G oa eee rg and 


bin(inn — 140850) 
N =>’ -— 


281700 pz + bi(inn + 140850)? 
they become 
i— 16°57 
— : —_—_—_——__—- b c k 
GH TG ST AM ata eo ind 
40°29 haz — 85°92) 
— N91 d ben) Se See TE Se See ee tee 
* 40°20 pul Z bi(t + 85-92)? 
i 85: i — Some, 
‘ = ‘ an 
: @r N = 40°29 — arate early, 
which are the new theorems hereafter to be used. 
Note, thé mean value of 2, for the point struck the four 


Jast days, 48 88°82; which, used in these last formula, give 
the corrected values of g and m, as inserted in their proper 
columns in the table of this day’s experiments. NP. 7 
is doubtful, and therefore omitted. 


The means of this day are as below : 


Powder Recoil Veloce. of 
wt ht gun the ball 
4 PO ere 45g oo vo BD4 
G6 4°93 =) 2, OTS ye) = P1573 
8 5°5 «=|» ~ ~ 1445 
il 
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’ 
. : 
e 81. Saturday, September 25, 118%. 


This day Major Blomfield alone tried some cartridges, of 
8 oz each, by firing them behind, before, and in the middle ; 
but he found no sensible difference in the velocities. 

He also discharged several low balls, weighing only 13 
3 dr, and having about ‘15 of an inch windage;,and the sam 
balls, when covered with leather, so as to fit closely i in th 
bore: but the velocities were the same; probably owing | to 
the fired powder quickly blowing bf the leather. 

The weight of the pendulum was increased 10 or 11 Ib, 
namely, by 8 balls and 58 inches of plugs. 


82. Monday, October 4, 1784; from 11 till 2. 
‘The weather dry, but cold and windy. 


Vibration of - i Val 
gel Bowe, ibration o Baiitd alues of pha 
der | gun | pend | Struck] = p g n ball 


inches] in lbs inches 


OZ. 
1] 4 1p149 
Oo Ail: 163 
3, 4]. 164 . 
41 8 | 740] 158 |87°6 | 6].704-0| 77:03] 40°26 | 1440 : 
5} 8 | 742 | 166 | 882 | 6 | 705-0 | 77:05] 40°26 | 1489 
6| 8 | 74211631881] 717061 | 77-07| 40°26 | 1480 1" 
7) 8 | 729) 158 | 87°61 6| 7071 | 77:09) 40° 14.25 
8| 8 | 749} 168|89:0]6| 708-2! 77-11 | 40°26 11517 
9) 8 | 751/166 |88°8| 6} 709-2] 77-13/ 40°25 | 1489 
10} 6 | 615] 151189°1|6|710°3 | 77°14/ 40°95 | 1367 
11] 6 | 604| 150} 90-2}7}711°3! 77-16] 40°25 | 1323 
hs 6 | 586 | 147|92°3|9/712-4| 77-18) 40°24 | 1ag9 
13} 6 | 610 152] 91:918| 713-4] 77-20] 40°24 | 1391 
(14) 4 | 457] 128}99-5/7| 714-5 | 77-22] 40-24 | 1194 
15] 4 | 4531120] 92-418 |715°5 | 77-24) 40°24) 1041 
16] 4 | 4471120} 92°3|6|716°5 | 77:26| 40°24 1 1059 
17} 2) 270} 85/91°5}51}717-6 | 77-27) 40:23! 747 
18} 2 | 271] 85/91°2/41718°6 | 77-291 40°23] 762 
19, 2} 279] 87|91:4]4]719°7 | 77°31] 40:23!1 768 
20} 4! 4591 128\99°315 


720°7 | 77°33! 40°23 | 1124 
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The ball’s diameter 1:96, and wei 


t 
10 dr and 16 oz 14dr. ey 
The Gun n° 1, without the leads, weighed 384 Ib. 
The Penpu.umthe same as left hanging since the last day. 
This day was a Continuation of the experiments with the 
light gun, again to try if the velocity was altered. But 
without effect: The means as below: 


§ 


alternately 16 oz 
e 


Powder’s Weight 202 4oz 6 oz 8 oz 
@ - + -height 1°73. 9:94. 412... B-4e 
Recoil of gun 273 4.54: 604 742 
Velocity of ball 759 1086 1325 1472 


The mean weight of the balls is 16 oz 12 dr. 
The mean value of 2, for the point struck, was 89°3. 


83. Tuesday, October 5, 1184; from 11 till 2. 


The weather fine and warm. 


Vibration of Point] @ Values of me 
AV eon, {pend | Aracki sb op j ae 
inches|ince Ib inches feet 

1} 48 
2| 206 } 152 | 89-0] 5| 723°9 | 77°35 | 40°23 | 1404 
312131158 187-6 | 5 | 723°0 | 77°37 | 40°23 | 1463 
$ 41208 | 163 |91°S | 7} 724°1 | 77°39 | 40°23 | 1443 
5 ~ 1158 191:0!} 6 | 725°2 TT4L | 40°22 | 1414 
~ 2 1152 | 90°7 | 6 | 726°4 | 77°43 | 40°22 | 1367 
1) & 1153 191°3|6| 7275 | 77°45 | 40°22 | 1374 


mean 1411 


The first charge of powder was 402, all the rest 8 oz. 
The diameter of the balls was 1°96, the first weighed 16 oz 
10 dr, all the rest 16 oz 14 dr, 

The Gun was ne 1, with 687 lb of lead fixed to it, namely, 
4332|b about the trunnions, and 2534lb lashed upon the upper 
side of the gun, close to, and before and behind the stem: 
these, with 384 1b for the gun and igen together, make in 
all 1071 Ib. 
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. Ehe object was again to try if the velocity of the ball 
would be increased by diminishing the recoil of the gun. 
_ And, for the severer trial, a great quantity of heavy timber 
was laid behind and against the cascable of the gun in the 
last three rounds, so as to stop the recoil intirely, which it 
did, excepting for about the 4 or + of an inch, which the 


gun pushed the timber back, as expressed in the column of , 


recoil. But the result was still the same. 


The PenputvM the same as left hanging since yesterday. 


The mean value of z, or point struck thelast 6 days,is89°4, 


84. Wednesday, October 6, 1784. 


The weather clear, but windy. 


Values of Veloc. 


ee Vibration of Point fo se 
gun | pend [Struck | & fa supe 2 ball 
Cok PRAM, SHER * eae Peed ie EE i | ala 
inches | in lb inches feet 
1} 62 
2) 144 
3) 144 
4| 148 
5] 147 
6} 155 
7| 157 
8] 272 | 150 | 88-4| 9 | 128-7 | 77-46 | 40°22! 1416 
9} 268 | 146 | 88°87] 729-8 177-48 | 40-22 | 1375 
10} 279 | 150 | 881] 5} 730°9 | 77°49 | 40°22} 1496 
11) 279 | 147 | 88°7} 7 | 732°0 | 77°51 | 40°21 | 1390 
12) 273 | 150 | 87:4] 6 | 733°2.| 77°52 | 40°21 | 1442 
‘f13} 282 | 1741874) 81 693°4 | 76°83 | 40°27} 1566 


mean 1436 


The first charge of powder was 402, all the rest 8 oz. 
The ball’s diameter 1°95, and weight 16 oz 9 dr. 

The Gun n° 1, with leads, weighed 817 Ib. 

The Penpuum as left yesterday. 

The mean value of 7, or point struck, these last 7 days, 
59°3. 


8 
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The object this day was the effect of cork wads, and of 
different degrees of ramming. ‘The cork wads were near an 
inch long, and were made to fit very tight, being rather 
more than 2 inches diameter ; and weighed 5 drams each. 


N* 1,2,3, 8, 9 were without wads, 
4, 5,10, 11 with a wad gently pressed home, 
6, 7, 12, 13 with a wad, and hard rammed by 2 men. 


_ At n° 12 one of the iron bands of the pendulum broke, 
and fell across the measuring arch. The band weighed 
41 lb; n° 13 was fired after the band was removed, and 
consequently 41 lb must be deducted. 


The velocities are 


1416 


aes 1396 the mean without wads. 


1426 . 
1390 ¢ 1408 with wads not pressed. 
1442 ‘ 
a! 1442 with wads very hard rammed. 


148 Mean recoil without ball 
2715 Ditto with ball. 


Ne 13 is very doubtful, the vibration of the pendulum 
being evidently too large; perhaps 174 had been set down 
instead of 164, 

In the above there seems to be some small advantage in 
favour of the wads. But it is suspected the difference is 
only accidental ; and the number of experiments is too small 
to afford any tolerably good mediums. 
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85. Monday, October 11, 1784; from 11 tla. 
The weather cold and cloudy. 


Vibration of |). j Values of Veloce. | 
Reese eee El epee ae 
a gun | pend Pn p g n ball 
a —_—~ eS eee ed ed - 
oz dr inches] in, lb inches feet 
63 
143 


141 | 87°4)10) 733°5 | 77°52 1 40°21 | 1357 


j 
2 

3} 16 9 

4 9| 285 | 160} 85-9] 9|734:9|77°54| + [1569 
5}. 8|275 [150] 86°8} 7/7364|77°56| + [1465 
6}. 8| 267 | 149] 86-1] 8|737-8|77:58| + 11470 
7]. 8|268 |145| 862] 8)739°3|7760| + | 1433 
8 8 | 264 | 146| 87-0} 9|740°7|77°62} + |1432 
9). 8) 274 [147] 85-4] 6|742-2|77-64] + {1472 
10}. 8/272 | 148| 86-5] 7/7436 |77-66}) > | 1467 
11 5|267 | 142/859] 5|745°1/7768| + | 1436 
12 5| 261 |137| 86*5| 9|746°5|77'70} + 11379 
13 5| 263 |137|85-9| 7|/748°0|77°'72| + | 1392 
14 5| 269 | 143] 85-7| 617494 |/7774| * | 1459 


mean 1444 


The first charge of powder was 4 02, all the rest 8 oz; 
the ball’s diameter 1°95, 

The Gun n° 1, weighed 817 lb, 

The PEnpuLum had its band repaired, which did not 
however alter its weight. The whole weighed this morning 
7334 \b. Now the weight of the balls and plugs in the Jast 


5 days is 62\lb, which, being added to 683 lb, the weight of - 


the pendulum on September,21, it makes 745 lb, which is 
i11i]b more than it weighed this morning. For this defect 
I know of no cause but evaporation : for in this time there 
was no waste of leaden facing, as the other end of the block 
was used, which was not covered with lead. The time 
in which this 113 Ib was lost is 20 days, which is nearly at 
the rate of + a pound each day. This defect is therefore 
divided equally among all the days. 

The mean value of 7,'for the point. struck these 8 days, 
is 88°8. 
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The object this day was again the effect of cork wads, 


and different degrees of ramming. 


Ht. of 

Powder 

N* 2, 9 were without wads - - = 5°85 
3, 5, 7 with wads, not rammed- - 5:87 


6, 8a wad, andvery hard rammed 4°40 
10, 11, 12awad, and moderately rammed 5°20 _ 


13, 14, wads over powderand 1 over Yaras 

ball, and very hard rammed 
Mean oc albeit ai tol GALS 
Wt. of 
ball 
TP rae oP ante Sores me TE g 
5) Gra, 3, 9,10) -" 85 Me 169 
Big ie ree ah Oni a pw bee ee AGS 
Mean ofall- - - - - = = = = - 167 


In this course the wads have no perceptible effect. 


86. Tuesday, October 12, 11843 from 11 til 1, 


The weather fine and clear. 


| Vibration of F Values of Veloc. 
1  Saeee ae a Point bn ee Sea bee ee of 
gun | pend | Struck} = p g n ball 


ey | Reterereneees | eee | re gg ED | a rr ee gy | OD 


rv) 
inches| in. Ib inches feet 


123 
208 |87°1} 9|'750°9177°7%6 | 40°21 | 2047 

425 | 219} 86°0| 9} 752°3/77°78 | 40°21 | 2187 

409 | 200 | 85°6 |L0] 753°8 | 77°79 | 40°20} 2011 

87°1| 7|'755°2 |77°81 | 40°20) 1505 

389 | 197 | 85°4 |11| 756°7 | 77°83 | 40°20) 1994 

412 | 204185°7| 8|'758°1|77°85 | 40°20 | 2062 | 
408 | 203 |85°5 | 8] 759°5 | 77°86 | 40°20; 206 | 


mean 2060 


COATID af WD = 
— 
On 
wo 


Mean 
Veloc, 


1472 
1418 
1451 
1427 


1426 
1444, 


Mean 
Veloc. 
1463 
1456 
1417 
1444 


~*~ 


The first charge of powder was 8 02, all the rest 16 02 ; 
the ball’s diameter 1°96 inches, and weight 16 oz 11 dr. 
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_ The Gun n° 4, weighed 928 Ib. 
The PenpuLum as left yesterday. But it was quite 
broken and useless at the end of these experiments. 

“he mean value of 7, or point struck these 9 days, 88°6. | 
™ Phe object this day was the effect of firing the charge in 
different parts, either before, or behind, or in the middle: 
for which the means are as below : ' 

Mean Veloc. 

N® 2, 6 fired before - 2020 | 
3, 7 in the middle 2124 

4, 8, behind « .--- 2036 | 
Mean ofall - - - - 2060 
Mean recoil of gun - - 409 
N° 5 is omitted as doubtful. 


THE EXPERIMENTS OF 1785. 


87. Several of the experiments, of the two former years, 
being not so regular as might be wished, we have again , 
undertaken to repeat some of them, and to add still more 
to the stock already obtained, that the mediums upon the ; 
whole may be tolerably exact, the great number of repeti- 
tions counteracting the unavoidable small irregularities, and 
deviations from the ‘truth, in experiments instituted on so | 
large a scale. For this purpose, we begin withthe gunne 2, - | 
and use charges of 8 ounces of powder ; and have formed 
the resolution of firing every shot into a fresh and sound 
part of the block of wood, and changing the block very 
frequently, before it become too much battered, that the 
penetration of the ball and the force of the blow may be 
obtained with the greater degree of accuracy. 
» It is also proposed to procure some sood rang to com- R 

pare them with the initial velocities made under the same 
circumstances ; from the comparison of which we may esti- 
mate. the eflects of the resistance of the air, and so lay a 


N 
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foundation for a new theory of gunnery. It is rather difficult 
to obtain with accuracy such long ranges as our initial velo- 
cities would produce, being from 1 mile to 2 miles, when 
the projection is made at an angle of 45 degrees ; for in 
such long ranges our small balls cannot be seen, when they 
fall to the ground. We were obliged therefore to have 
recourse to the water, in which the fall of the ball can be 
much better perceived ; because the plunge of the ball in 
the water, breaking the surface and throwing it up, makes 
the place visible at a great distance. But then another 
difficulty occurs, how to obtain exactly the distance of the 
fall, or length of the range, as the mark made in the surface 
of the water is visible but for a moment. This difficulty, 
however, our situationat Woolwich, closeby theriverThames, 
enabled us to overcome, as well as afforded a good length of 
range. For, at our situation in the Warren, the river makes 
a remarkable turn, and forms below us the part called the 
Gallions Reach, a map of which is here given in plate 1. 
In this map, a denotes the point where the guns were 
placed, being the Convicts’ Wharf, which is so called be- 
cause it is there that the convicts, or felons condemned 
to work on the river Thames, land their gravel, and upon 
which they usually labour, From this point we have a con- 
venient range of about a mile and a half towards B, in the 
county of Essex, where there is a private or merchant’s 
powder magazine. The buildings near c consist of the 
academy and a noble range of store-houses ; and from this 
point we should have had a still longer and more convenient 
range, had not our view from hence been interrupted by - 
four large hulks, which lie, for the use of the, convicts, 
in the river opposite. the part between this point and> the 
point A. Having found this convenient situation for our 
operations, we made an exact survey and map of the two 
sides of the river, both ways beyond the extent of the ranges; 
and fixed on convenient stations at Dp and £ on the south 
side, and F and G on the north side of the river, to place 
two parties of observers, who might mark the place where 
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each ball should fall in the water, as well as note down the 
time employed by the ball in flying through the air, from 
the visible discharge of the gun to the plunge of the ball in 
eWwater. The method of determining the place of the 
fall was this: Two parties of observers, consisting of three 
or four steady and intelligent young gentlemen cadets ineach 
party, having taken their stands at pand F, or E and G, 
according to the expected length of the range, carefully 
watched the discharge of every ball from the gun at a; 
then tracing it, as it were, through the air by the loud 
whizzing noise it made in its flight, their eye was prepared 
and directed gradually towards the place of the fall, which | 
they seldom missed of observing. Then ‘immediately on 
perceiving the plunge, some of them noted the time of flight, 
by a good stop watch, while others observed some remarka- 
ble land object on the opposite coast, and directly in a line 
with the place in the water where the ball fell. This done, 
they directed the telescope or sights of an instrument, such 
as a theodolite or plain table, to that object, and noted the 
position of it. This being done by each party of observers, 
and the line of position from each station drawn on the plan, 
afterwards at leisure, the intersection of those lines gave 
very exactly the place of the fall, and consequently its 
distance fromthe gun. In this manner then were determined 
all the ranges and times of flight registered in the following 
experiments ; those places being left blank where the obser- » 
vation was either doubtful, or not made at all. The times 
of flight were also sometimes observed at the gun itself, 
where the plunge of the ball could often be perceived. 

In this map of the river in plate 1, the dotted line on 
each side of the river, denotes Jow-water mark; the first 
black line next without it denotes high-water mark ; and 
the other, or outermost line, is the land bank whieh has 
been raised in former ages, with immense labour, from 
Greenwich for many miles below, to prevent the waters of 
the river from overflowing the adjacent fields, which it would 
do every tide, as they lic low and are otherwise very marshy. | 
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88. Wednesday, August 31, 1785. ‘ 


Employed this day in making part of the survey by the 
side of the river, for forming the map, and fixing the sta- 
tions proper for the parties of observers to occupy, in 
watching the fall of the balls in the river; and for other 
purposes. | 

We weighed and measured the pendulum, which had 
been prepared in a very complete manner, and with stronger 
bands than before, It weighed just 795 lb. And, by a mean 
of several ‘times balancing and vibrating, we found 78% 
inches to be the distance of the centre of gravity below the 
axis, and 40°07 the number of oscillations per minute. 

After executing part of the suryey by the side of the 
river, we fired a few balls upon the water, from the Con- 
victs’or Proof Wharf, to try whereabouts they would fall, and 
thereby to judge of the proper places for the observers 
to be stationed at. The gun was n® 2, with 8 ounces of 
powder, and was tried at different elevations. When the 
gun was elevated at 45 degrees, the balls ranged much too 
far, going beyond the stretch of the river, and falling on 
the coast of Essex below the point B. But at 15 degrees 
elevation, the balls ranged to a very convenient distance, 
namely, a little more than a mile. And their fall in the 
water could be very well seen from the side of the river 
nearly. opposite the place of the fall, and sometimes from 
the gun itself. | 

On this occasion I took out with me, and employed the. 
first class of Gentlemen Cadets belonging to the Roya 
Military Academy, namely, Messieurs Bartlett, Rowley, 
De Butts, Bryce, Wm. Fenwick, Pilkington, Edridge, and 
Watkins, who have gone through the science of fluxions, 
and have applied it to several important considerations in 
natural philosophy. Those gentlemen I have voluntarily 
offered and undertaken to introduce to the practice of these 
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interesting experiments, with the application of the theory — 
of them, which they have before studied under my care. 
For, though it be not my academy duty, I am desirous 
of doing this for their benefit, and as much as possible to 
assist the eager and diligent studies of so learned and amia- 
ble a class of young gentlemen ; who, as well as the whole 
body of students now in the upper academy, form the best 
set of young men I ever knew in my life; nay, I did 
not think it even possible, in our state of society in this 
country, for such a number of gentlemen to exist together 
in the constant daily habits of so much regularity and good 
manners; their behaviour being indeed perfectly exemplary, 
and the pure effect of true philosophical principles, arising 
from a rational conviction of the propriety of a regular good 
conduct, which is such as would do honour to the purest 
and most perfect state of society that ever existed in the 
world ; and I have no hesitation in predicting the great ho- 
nour and future services, which will doubtless be rendered to 
the state by such eminent instances of virtue and abilities.* 


89. Thursday, September 1, 17185. 


Went out with the same class of eight young men, to com- 
plete the survey of the river side. The weather changed to 
rain after we were out, which continued the whole time, and 
to such a degree as to wet us entirely through all ourclothes. 
Yet every one went through the business, not only willingly, 
but even chearfully. 


* At this distance of time, anno 1812, and long before, the world has had 
the satisfaction to find, that this prediction has been most amply and accu- 
rately fulfilled, in every instance. ; 


. ‘PRACT 34. IN GUNNERY, 1785, 33 


¥ 


90. Friday, September 2, 1785; from 9 till S. 
The weather rather windy and cloudy. 


Barometer 29°8 ; Thermometer within 66°. 


Went with Major Blomfield and the same class of cadets, 
and made the following set. of 14 experiments, the first 
8 balls being fired into the pendulum, and the other 6 down 
the river, to get the corresponding ranges, 


A : Values 

no } Vibr.| Point Sb ‘ig Veloce, |Pene- 

pend jstruck | 5 p g A ball = |tration 
inc 


. 


ooo ——eee ce | eee 


inches lb inches feet inches 


128 | 81:0 |10| 795°0| 78°33 | 40°07) 1438 | 18-0 


] 
21139) 85°7T | 9j 796°6 35 O07}; 1479 | 19°9 
31141] 90°3 |11}798°3 38 O07} 1428 
4} 146} 92°7 | 12} 800°0 40 O07} 1444 | 16°7 
5| 163.) 96°2 112) 801°6 43 O6 181557 20°35 
1 611711940 | 10| 803-2 45 06| 1675 | 20°7 
71149} 89°1 |13| 804°8 47 06} 1543 | 16°4 
81144)91°5 111! 806°4 50 06} 1457 | 16°6 
Time | Range means 1503 | 18°9 
sec yt ll ee OEE EM ET eae PARE «RL ONE BA a 1 PER 
9} 14 |6110 
10 6060 
We RR eh 
12 seen 
13 5760 
14 5135 
mean 5916 


The charge of powder was always 8 02; the ball’s diameter 
1:965, and weight 16 oz 13 dr. 

The Gun was n° 2. It was not hung on an axis, as in the 
two former years, but mounted on a small carronade car- 
riage, made for the purpose, both in the last 6 rounds,» 
which were fired down the river, and in the first 8 rounds, 
which were fired into the new pendulum, at the same di- 
stance as formerly, or about 35 feet, and each ball inte a 

VOL. IIl. D 
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fresh part of the wood, both to obtain the force of the blow 
the more accurately, and to take the penetration of the 
ball in the solid wood, which we did every time by pushing 
in a wire to touch the hinder part of the ball: these penctra~ 
tions are various, according as the part struck was more OF 
less compact, and they are rather larger than was expected, 
the medium of all being 18,4,, though the block of elm, as 
the carpenters assured us, was sound, dry, and well-sea- 
soned wood. The penetrations are set down in the last 
column, and are for the fore part of the balls, the diameter 
having been always added to the length of the wire. 

The PowprEr was not of the same parcel as the two 
former years ; but it was from the same maker, and made 
as nearly similar to the former as might be. The charges 
were gently set home, and all circumstances made alike. 
The mean length of the charge of 8 oz was 4°84. 

The Penputum had been kept close covered with a 
painted canvas cloth since the first day that it was weighed 
and measured, to preserve it from the weather. The plugs 
weighed 9 ounces to every 11 inches in length; the whole 
weight of all the plugs, together with that of the 8 balls, 
make up 13]lb, wanting only an ounce and a half; and 
when the pendulum was taken down and weighed this after- 
noon, its weight was found to be 808 |b, which is just 13 Ib 
more than its weight at first. So that it has neither lost 
weight by evaporation, nor gained by imbibing moisture: 
owing, probably, to the circumstance of ibeing covered by 
the painted canvas. All the apparatus was in good order, 
and the experiments all very accurately made. 

At the beginning of these experiments, the values of 
P, 8,7, being p = 795, g =.784, n = 40°07; if these values 
be substituted in the two theorems 


/ 


bin(inn — 140850) 
281700 pg + bi(inn + 140850)? 
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for the correction of g and , they become 


t— 78°33 
G = 78°33 + nie b, 
Ui, vt a 01 bi(i— 87°16) 
algadiian es broad + bili +°8T-16)? 
orn = 40°07 — = — bi nearly. 


And by these theorems the numbers in the columns g and 2 
are made out, the mean value of 2, or point rack being 
90°1. 

The last 6 rounds were fired down the river from the 
Convicts’ or Proof Wharf at a, and the place of the fall 
observed by two parties of the cadets, stationed at p and E. 
The gun had 15 degrees elevation. The fall of the first 
only could be seen at the gun, where the time of flight was 
observed by a stop watch, and found to be 14 seconds. The 
two parties of observers at p and £ had no time-piece with 
them, so that the other times of flight could not be ob- 
served. The medium range is 5916 feet or 1972 yards. 
The last two balls went close over the heads, and just fell 
beyond, the lower party of observers, at 2; yet notwith- 
standing their imminent danger, they gallantly resolved 
to keep their ground, if any more rounds should be fired, 
not knowing immediately that we intended not firing any 
more at that time. These two rounds were probably de- 
flected thus a little from their course by the usual causes of 
deviation. And perhaps the two former rounds had been 
still farther deflected, and thrown on the land, as the 
observers saw nothing of them. But the gun was pointed 
in’a direction rather nearer this south side of the river. 


32 
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91. Thursday, September 8, 1785; from 12 to 3. 
The weather close and warm, rather hazy. 


Barometer 30°02; Thermometer 65° within, but warmer 


without. 
Ball’s 
N° Pow-|________| Time {Range Wiereabouts the Balls fell 
der wt | diam 


oz |oz drlfinches! sec | feet 


-} 8 116 12) 1°96| 14 |6460)/Near the middle of the river 


2 ro a 6080\Near the north side 

5 as: 

4 15 |6040 Ditto 

5 -| °* | 15$/6540 Ditto 

6 . «| * | 15 16460 Near the middle 

"1 ~ .' * | {5720.0On the south bank, and within 


means 14°7'6216| 40 yds. of the lower station & 


These 7 rounds were fired down the river from the same 
place as before; the elevation of the gun being 15 degrees, 
and all other circumstances the same as before. The 
gun was pointed nearly to the middle of the river ; yet the 
balls fell mostly wide of the. direction, and that shih ways, 
some falling near one side” ‘of the river, and some near the 
other, though there was not the least wind. The times of 
flight were taken with a stop watch, at the lower station of 
observers at E, by noting the time hare een seeing th flash 
of the gun and the plage of the ball in the water, » hey 
run festa 14 to 15% seconds, and accord very well with the 
ranges, the ieee to the larger: the medium is 14:7 se- 
conds; and the medium range 6216 feet, or 2072 yards. 
Ne 3 was not seen. ‘The mean length of charge 48 inches. 

The same parties of young gentlemen kept their station 
_ very gallantly, and made no hesitation in oflering to attend 

and observe there for the remainder of the experiments, 
though some of the balls this day again fell near them, and 
one indeed within 40 yards of them. 


TRACT 34, IN GUNNERY, 1735. 37 


92, Friday, September 9, 1185; from 9 till 1. 


The weather very fine and warm. 


Barometer 29°93 ; Thermometer, within, 66°. 


‘brat| Point hiaiadies Veloc. 
N® thnks stack ee  Aaiai ae Cae PERE, 
incheslinches lb inches feet inches 
1} 99|79°0} 9 | 805°3 | 78°43 {40°06 | 1162 | 16°7 
21 107/823! 10 | $06°7 49 O06 | 1208 | 16°4 
3} 114} 87:1] 10 | 808-1. 50 O7211218 | 16°F 
41115 | 87'S 9 | 809°6 51 O7 | 1228 


oo 


mediums 1204 16°6 


The charge of powder was 40z; the ball’s diameter 1°965, 
and weight 16 0z 12 dr. 

These 4 rounds were fired into the same pendulum as was 
left hanging on September 2, which had been kept under 
cover since that time. After these 4 rounds, it weighed 
8iilb, which is 23lb less than it ought to be, when the 
weiglit of the 4 balls and plugs are added to its former 
weight, and which 23 lb it must be supposed to have lost by 
evaporation in the course of the 7 days, which was mostly 
dry, warm weather, 

The plugs weighed 9 oz to 144 inches. 

Mean length of the charge 3:0. © 

We could not venture to fire down the river this day, on 
_ account of the great nutber of ships that were upon It. 
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93. Saturday, September 10, 1785; from 12 till 2. 
Fine dry weather. 


Barometer 29°8; Thermometer 66°. 


Ball’s 
Ne) Pow- —_——_——_——— | Penetr.| Recoil. 
der wt diam 
OZ oz dr Jinches! inches| inches 
16 10 {1°96 6°] 2°5 
“ ; 12°27) 70 


of ae en 20°38 | 15°8 

° ; 4 6°7 3°0 

: 14°4/] 9°0 

ates ‘ 23'0| 17°5 

16,1372 718) 2°5 

: 14°0; 75 
20°7 


@ . 
a 


OMAN Se SOHN 
Orb COP tO CH WH 


These 9 balls were fired into the root end of a block 
of elm, laid upon the ground, to obtain the penetration 
with different charges, each ball being fired into a fresh and 
sound part of the wood, and in the direction of the fibres. 
The wood was moist within, as was discovered by boring 
out the balls ; but it was hard and firm of its kind, being in 
the root, or the root end after the body of the tree was 
sawed off from it. The penctrations are for the fore part of 
the ball, as usual. | 

The gun was n° 2, and mounted, as in all the experi- 
ments of this year, on a small sea gun carriage, without 
trucks, but fixed on a base like a mortar bed, and slid along 
the ground or platform in recoiling. ' 

The muzzle was placed at 79 inches from the face of the 
block, The mean penetrations and recoils are as follow : 


/ 


Powder Penetr. Recoil 
2 02 1 SO 2°71 
4: 13°5 To 
3 212 16°% 
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So that the penetrations are nearly 7, 14, 21, or nearly 
as 1, 2, 3, or as the logarithms of the weights of powder. 


Be . 


94. Wednesday, September 14, 17853 from 10 tell 123. 


ad 


A fine warm day. 


Barometer 30°5 ; Thermometer, within, 67°. 


N®! Powdei 


NE re, | TE oe | eres 


| 


Oz OZ dr|inches] sec feet 


PE Lays 6 - 221° L396 

2 ° : 

3 . : 10 | 4730 
4 a jets : 72; 4030 
ee is ; 8 | 4450 
Gr:. A ar f 4330 
x eee oh ee : 

Slat . . 


mediums 8°4 | 4398 


These 8 rounds were fired down the river as before. The 
gun n° 2, and elevation 15 degrees, as usual. One party 
of the young gentlemen was stationed at p as before, but 
the other on the north side of the river at Duval’s house 
at F. This last party saw only one bail plunge, and the 
first party saw four; which however proved suflicient for 
determining their ranges, because they all fell near the 
middle of the river, a circumstance which we also at the 
gun could sometimes perceive. 

The mean time of flight was about $2 seconds, and the 
mean range 4398 feet, or 1466 yards. 


. 
‘ > 
2 
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95. Saturday, September 171, 1185. 


Ball’s | . 
N° |Powder Penetr 
wt diam 
oz | oz ~ drj inches) inches 
1} 12 a” 12) 1°96 | 220 
2) 14 . : 23°6. 
3} 16 a t 24°0 
4110 16 14| 1°97 \22°3 
5 8 Sl 18°] 


These 5 balls were fired into the same block of elm root | : 


as on the 10th instant, to get a greater variety of penetra- 
tions, 


96. Tuesday, September 27,1785. 


Bail’s 
N° | Powder 


RS aye es Peneti.\Part of the Charge fired at 
wt diam 


] 8 Lis 0 20°5 

Ap Ls Rea 20°6 ! Back part 
3 4 ° 4 C15 2 

4 ans: ie Middle 

a ei Oe 

6 Pay 3 | ¢ Fore part 


These 6 also were fired, from the same gun, into the 
same block, to. try the difference by firing the cartridge * 
either behind, or before, or in the middle. There must 
be some mistake in the numbers in the last two rounds, 


which cannot possibly differ so much from the other num~ 
bers. 


iy A 
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97. Wednesday, September 28, 1785. 


» A fine clear day. 


Barometer 30°35; Thermometer 60. 


Ball’s 
N® | Powder; ———_—-—-——_| Elevatiou| Time] Range 
wt | diam 
OZ oz dr fete degrees | sec feet 
41] 4 {16 10/197] 15 5180 
2 4: a dati ¢ ; 83 4370 
3 A, e e e e 
+ 4 ba? Te. 4 ; 73; 4020 
5 Q a : 45 5120 
ir anor mesa” S : 2141 5300 
7 2 Sra se ¢ . Zi 5200 
Giewiciss) Set. . 4,120 
9 4 16 11) 1°95 1 
Ae: 2 ee ae Set ; 132 |. 5770 
11 2 L644 (107 45 23 5600 
12 2 16 10 ° 


These 12 rounds were fired down the river: the gun, 
stations, parties of cadets, &c, as before. The fall of 
those balls was not seen whose range is not set down. With 
20z of powder the gun was elevated 45 degrees, but 


with 4 0z only 15 degrees, as before. 
below; 


Powder Elev. Time 
2 oz 45° 92" 
4 15 8 r 


The mediums are as 
” 


Range 
5068 
4.523 


Rejecting n° 10, as very doubtful ; a mistake most likely 


having been made in the weight of the powder. 
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$8. Thursday, September 29, 1785. . 
A fine clear day. 


Barometer 30°35 ; Thermometer 60. 


- 


Ball’s 
N° |Powder]| —-—---———— Elevation] Time | Range | 
wt diam 
oz |0z _ 4dr finches} degrees | sec feet 
1 2 16 12}1°95 435 £0 15120 
Oh ae 4 aie ‘ 19 {4730 
O16 : : 203} 5310 
4A]. Mies tS 7 20 | 5120 
5 rape: . 129215510 
6 Maran: . ic A 20 | 5050 
7| 12 | 70a 15 17. } 7120 
S| . Aa ge ° 1OD| 4860 D 
se) Sn ee 9 D| 4880 D 
LOT SS a ea oe 
‘RE De On Alene 4 5500 
Wty by . ; 7520 


These 12 rounds were fired on the river, and observed as 
before. N° 8 and 9 are very doubtful: the means of the 


yest are as below: 


Powder Elevation Time Range 
2 0z 45° ZOL 5150 
12 15 154 6700 


99. The same day the following 6 rounds were fired 
into the block of elm root, to try the penetrations with and © 
without wads ; the first 4 being with a wad over the powder, 
and hard rammed ; the otber two without. 


TRACT $4, 


IN GUNNERY, 1785. 


JN° Powder 


wt 


OZ 


oo & 


Ook OC DO = 


dr jinches 


15 12)1°95 


Ball’s 


Penetration 
diam 


inches 
16°1 
21°4 
20°6 
19°8 
19'8 
21'0 


100. Tuesday, October 4, 1785. 


43 


With wads 


Without 


wads 


Fine morning, but turned to rain about noon. 


Barometer 29°93. 


Ball’s 
N°} Powder Time} Range 
wt diam 
oz |0z _ dr jinches| sec feet 
1 8 15 3 1°96 6330 
2 : 5770 
3 ° A 
4s gz | 4800 
5 “ 4880 


medium 5600 


These 5 rounds were fired on the river, and observed as 


before. 


~ The Gun was n° 3, and its elevation 15 degrees. 
The balls were not good ones, and the ranges very irre- 
gular ; and the medium 5600 feet, or 1867 yards, too low ; 
perhaps owing to the lightness of the balls. 


. a 
; + 
- 
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YO1. Tuesday, October 11, 1785. 
The*weather fine. 


Barometer 29°88 ; Thermometer 60. 


| Ball’s 
N° | Powde:| | Time || Range 
wt diam 
Oz oz dr jinches| see feet 

: 8 {15 12 11°96 5580 

2 P > he . 
B+ 8) RRR ace Oe yD 
4] ° BP a ted 5990 
5 4 o> 9 | 4910 
of Oo Re ar |b M2) 480 
* |7 ¢ ‘ > 95} 6140 
8 . 4 }1 5100 


means 104 | 5620 


These 8 were fired in the river, and observed as before. 

The Gun was n° 3, and was elevated 15 degrees. 

The ranges are again low, probably from the lightness of 
the balls. 3 

The usual causes of deflection carried three of the balls, 
namely, the Ist, 7th, and 8th, very near the south station 
at BE; and then Yell almost close to the party there. In 
general it was observed that the balls deviate from their line 
of direction, or middle line of the river, to each side, by 
half the breadth of the river, or from 300 to 400 yards! 


ey 
‘ 
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EXPERIMENT IN 1786. 


102. Monday, June 12, 1786 ; from 10 till 1. 
Fine weather. | 
Barometer 29°89; Thermometer 63° at 9 A. M. 
The Gun was n° 2. 


Ball’s Tim 
N° Powder|———_+>___———|Flevat} of Range 
diam wt Bun | fight 
Oz inches|oz  drj deg. 
l 2 P96 716 AG 15 
Q gh a8} as aT 14D | 5000 wi} 
es : 1°96 6 5040 D 
4 ‘ 1°96]. 6 8 3920 
5 iva be 7 7L | 3560 
6 1°96 5 8i |3910 
7 F piel oat ge 5 101 | 4450 
8 e 196]. StH, 95 |4280 
9 1:95 5 1 13910 
10 1°96 =) 15D | 5600 Dj 
11 1:96 t SF 1.3910 
12 r 1:96 4 114 | 4750 
13 S67". 4 95 |4270 
14 1996). ° 4 10 4230 
15 1:96) 3 4 92 |4000 
16 ‘ 129541. Td oat 4960 D 
17 . 11:95 9| . | 92 |4420 
rr 18 4 B95 ot ae 4840 
19 4. 1:96|. of. 11- | 4690 
20 hi 96: e's g 104 | 5650 


ee yeaa 16 5/15 | 9% | 4130 
ums 4 1°957,16 22; 15 111 15060 

The ranges were taken from observations, as before, at 
Duval’s house, and the first gibbet. The first 17 rounds 
were fired this year, with two ounces of powder, to com- 
plete the series of ranges at 15 degrees elevation of the gun ; 
and the last three rounds, with 4 ounces, to try if the pow- 
der was of the same strength as before: and which, by 
comparing these three ranges with those of last year, ap- 
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pears to be now somewhat stronger. So that these ranges 
and times, it may be presumed, are too great in respect of 
those of last year. They are also evidently very irregular ; 
Owing perhaps to the inequalities of the balls, which were 
only the remaining outcasts from the whole stock we first 
began with, having been rejected either from their light- 
ness, or from the irregularities of their surfaces. And 
sometimes indeed the ranges and times, here set down, 
were not very accurately obtained. The mediums of all, 
except those marked doubtful, are placed at the bottom. 


A SUMMARY OF THE EXPERIMENTS ; WITH PHILOSOPHICAL 
REMARKS AND DEDUCTIONS. 


103. We have now got so far through this long annual 
course of experiments; and have detailed them in so minute 
and circumstantial a manner, as to enable every person fully 
to comprehend and make his own use of them; without 
subjecting him to the dissatisfaction of having mediums and 
results forced upon him, unaccompanied with the fair and 
regular means of assuring himself both of their justice and 
propriety. We are now therefore to make some use of 
these experiments, by pointing out the philosophical laws 
and deductions that flow from them, and making such other 
remarks as may be suggested by the various circumstances 
attending of them, or that may be useful for improving or 
further extending experiments, accompanied with such im- 
portant consequences in natural philosophy. And for these 
beneficial purposes, it will first be necessary to bring the 
mediums and results together into an abstract, or one com- 
prehensive point of view ; to form as it were the sure and 
regular foundation for the future structure we hope to 
be able to raise upon them, 


OF THE LENGTH OF THE CHARGE. 


104, And first we shall deduce the lengths or heights of 
the charge of powder, for every 2 ounces in weight ; or the 


TRACT 34.» GUNNERY EXPERIMENTS. 47 


part of the bore of the gun which every charge occupies: a 
thing very necessary both to show the part of the bore, 
occupied by the charge, corresponding to the greatest or 
any other velocity of the ball, as also to compute @ prions 
from theory, the velocity due to every charge of powder. 
Nowthe length of the charge was taken at.every experiment, 
by means of the divisions of inches and tenths marked on the 
rammer, the mediums of most of them being specified for 
each day in the preceding account of the experiments ; and 
those mediums ef each day are here in the following table 

\ collected and ranged in columns, each under its respective 
weight at top, extending from 2 to 20 ounces: 


PI a eT ee 20 
'1°7 13°2 146 15:9 | 693/84 19°38 1106 | 12°3 | 13-2 - 
1°7 | 3°2 |4°4 15°9 | 6°97) 8°2 | 9°27) 11:0 12°15 | 13:3 
21 |3°3 14°35 16°1 |6°9 | 8°3 | 9°55) 11°2 132 
1°8 | 3°23) 4°4316°2 | 6:97] 8°23! 9-4 | 11°4 | 
1°8 | 3°33) 4°2 |5°67| 7-0 |8°3 | 9°53) 10°9 
I°7 | 3°24 4°5 16°0 8°37 11:0 
1°7 | 3°2 |4°44) 5°7 | 8:07 10°8 
1°87 3°2 |4°4 15°72 : L113 
1:9 | 3°k |4°3715'°6 11°38 
11°85] 3°17| 4°27) 5°63 11°26 
1°9 | 2°9 | 4°2815°65 Lis} 
i°8 | 3°4 | 4°12) 5°6 10°6 
1°9 | 3°13 56 10°97 
je 3°1 5'83 10°87 
ee 3°08 57 10°85 
1°73) 3°4 cae 10°79 
371 5°88 
‘ 3°0 5°45 
2°95 5°4 
3°0 5°74 
mn 3°1 5°85 
3°1 5°4 
3°03 4*8 4, 
4°83 


| rrr, rrr mm fr re | cee 


1°82| 3°15! 4°38! 5°66] 6°95) 8°27) 9°51) 10°99 | 12°22 | 13°23 


and in the lowest line are set down the means among all the 
former mediums, or numbers in each column, the numbers 
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in which last line of means are found by adding into one 
sum the numbers in each column, and dividing that sum by 
the number of those parts. And thus we have obtained the 
mediums of the mediums for each day, which must be very 
near the truth. But to find how near they are to the truth, 
and to correct them, let these be collected and ranged as in 
the second column of the following table of the heights of 


Irregular Regular 
it Facey | Sted pete a le 2. Pe? Correct 


0% means | diffs | diffs iets means 


—ss oe Oe 


et eee Wes PS ae 1°85 | 2:18 
4 | 3°15 rad nae S12] 3°45 
6 | 4:33 | y.58/)-07| #89] 472 
8.| 5°66 | 4 beh oq h.0766 | 5°99 
10 | 6°95 | 3.99] y-o7| 693 | 7°26 
12 | 8271 5.54 07 8:20 | 8°53 
14 | 9°51 | 1.49 1-97 9°47 |. 9°80 
16 | 10°99 | 1.99] y.gq | 10°74 | 11°07 
18 | 12°22 | 7.) | y-o7 | 12°01 | 12°34 
20 | 13°23 | 13°28 ' 13°61 


charges, or column of irregular means. Then take the 
differences between each of these, and place them in the 3d 
column, or irregular differences ; which would have been all 
equal if the mediums had been regular. Find then a me- 
dium among these unequal differences, by dividing their 
sum by the number of them, and it will be found to be 1°27, 
which set in the 4th column of regular or equal differences: 
Then, as the numbers in the 3d column, the nearest to this 
mean 1:27, are the differences between 6, 8, and 10 ounces, 
by supposing 5°66 to be the true length of the 8 oz charge, 
all the others are formed from it,- by adding and subtracting 
continually the mean or common difference 1:27, and are 
placed in the 5th column ; which will therefore consist of 
the true regular length of each charge, including both the 
powder and the neck of the flannel bag which contained it, 
as indicated by the marked divisions on the rammer by 
which the charge was pushed home in the gun bore. 


, 
le i ee ee 


a Ss 
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' But an addition of 0°33 must be made to each of the 
numbers in this 5th column, for the length of cytinder of 
equal capacity with the concave hollow at the bottom of the 
bore of each gun. Now this concavity was the half of an 
oblate spheroid, formed by an ellipse whose transverse axis 
was 2 inches, the diameter of the bore, and its conjugate 1, 
inch; the depth of the cavity was therefore °5, the semi- 
conjugate ; and the depth of an equal cylinder nearly °33. 
This number then being added to those in the 5th column, 
will give the n® in the 6th or last column, being the length 
of cylinder occupied by the powder and the bag together. 

How much of each space was really occupied by the bags, 
may be thus found: the first number 1°85 is the length of 
the charge of 2 ounces, including the neck ; and the com- 
mon difference 1°27 is the real length of 2 ounces of powder 
in the bore; therefore, subtracting this number from the 
former, the remainder 0°58 is the mean length of the bore 
which was occupied by the neck and bottom of the bag in 
every charge. And therefore, taking this number from each 
of those in the last column, the remainders will show the real 
length of bore occupied by the powder alone in each of the 
charges, 


OF THE RECOIL WITHOUT BALLS. 


105. Next let us consider the quantity of recoil, or ex- 
tent of the vibration of each gun, for every charge of 
powder ; and first without balls, Now as these recoils were 
measured sometimes to one radius, and sometimes to an- 
other, it will be proper to reduce them all to a common 
radius, as well as to a common weight of gun when it hap- 
pens to vary in weight. In the first year’s experiments, the 
radius was various, and the chords of recoil were aiways 
taken in inches ; but in those of the second and third years, 

VOL. Ill. E 


o 


50 DEDUCTIONS FROM THE TRACT 34: 


the radius was constantly 10 feet, or 120 inches, which was 
divided into 1000 equal parts, and the chords of vibration 
measured in thousandth parts of the radius, each part being 
té> of aninch. It will therefore be convenient to reduce 


- the recoils of the first year, to the same radius and parts 


as those of the other two years: which may be done as 
follows: 
Let r = any radius of the first year in inches, 
and c = acorresponding chord of recoil, in inches and 
parts. 


Thensy 69120! Ser — the chord corresponding to 


the radius 120, and mea- 


sured in inches; 


and 120: 1000:: 120¢ | 1000¢ 


7 
ed in thousandth parts of 120 inches. 

Hence then, to reduce any chord of recoil, in the first 
year, multiply it by 1000, and divide the product by its 
own radius in inches ; so shall the quotient bet he corre- 
sponding chord answering to the radius 120 inches, and 
expressed in thousandth parts of that radius. 


the same chord as express- 


" 


106. By the foregoing rule then having reduced all the 
chords of recoil to the radius 10 feet, and denoted them in 
thousandth parts of that radius; the mediums of every day’s 
experiments, collected and arranged, are as follow. 
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Tables of Recowl without Balls. 


Charge of Powder OZ 2 4 6 oy er 12 16 
22 | 53 | 85 | 1131176} 221 
21 | 58 119| 165} 215 
21; 55 1i6 220 
Gun n° l 23 | 54 110 
23 1.55 108 
j 22 ; 128 
92 127 


-_-_oOoO OS | oo Sh h—V—-—-—- -—- 


mediums | 22 | 54 | 85 11171171} 219 


123 236 
118 240 


Gun n° 2 24 124 
~ 23 124 


eee acme | eres | cee jf eee 


mediums 


259: 
252 


f 5535 


Gun n° 3 23 


mediums [23 | 574| 93 |125| (252 


| 22 | 57 | 93 11923 247 
23 1 59 | 125 250 


280 

24 | 58 131 255 

Gun n’ 4 26 | 56 1261 
24 | 59 

mediums | 25 | 58 |. ‘| 129 965 


Some of these mediums have not the greatest degree of 
exactness that they are capable of, for want of a sufficient 
number of repetitions, or numbers to take the mediums of. 
However, by a, very small and obvious correction, the 
_ More accurate mediums, for the most usual charges of 
2, 4, 8, and 16 ounces of powder, may be fairly stated as 
follows: | 

E 2 
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Centre 
Gun of Vibrat. 
gravity 


Axis of gun |Length 
below of 
eas . —_—— 
axis of recoil] bore Qoz | 40z | 80z_| 16.02 


Powder 


—_————— re 


inches inches} Recoiis without Balls 

1 | 80°47] 401} 89°06 | 28°5| 22 | 53 1117] 220 
2 | 80°47 | 40°0| 89°06 | 38:4) 23 | 55 | 121 | 237 
3 | 80°50} 39°9| 89:19 | 57°7| 24 | 57 J 125] 252 
4 | 80°44 | 39°8 89°28 | 80:21 25 | 59 |.1291 265 


The recoils being estimated in parts of which the radius 
is 1000: and the common weight of the gun, with its frame 
and leaden weights, being 917 1b; also the distance of the 
centre of gravity below the axis, and the number of vibra. 
tions per minute, as set down in the 2d and 3d columns 
-of the tablet above. 

107. From the view and consideration of these numbers, 
various observations easily arise. As first, that, by observ- 
ing the four columns, or vertical rows, it appears that the 
recoil of the gun, and consequently the force of the powder 
upon it, always increases as the length of the gun increases, 
an’ that ina manner tolerably regular as far as the charge 
of 8 ounces; but after that, the increase is faster: thus, 
between the shortest bore of 28 inches Jong, and the longest 
of 80 inches, the increase in the velocity of recoil, with 
2 ounces of powder, is from 22 to 25, or about the 4 part ; 
with 4 ounces of powder, it is from 53 to 59, or the £ part ; 
and with 8 ounces of powder, it is from 117 to 129, or the 
yo part;~but with 16 ounces of powder, the increase is 
from 220 to 265, or the 2 part. And this increase of recoil 
is chiefly, if not intirely, to be ascribed to the longer time 
the fluid of the inflamed powder acts upon the gun, in pass- 
ing through the greater length of bore ; at least as far as to 
the charge of 8 ounces: but the extraordinary increase 
in the case of 16 ounces, seems to be partly owing to that, 
and partly to some of the powder, in this high charge, be- 
ing blown out unfired from the short gun. And from this 
circumstance we may infer, that the whole of the charge of 
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8 ounces, without ball, is fired before it issues from the - 


mouth of the short gun, that is before-the fluid expands 
through a space of 22% inches of bore, And hence, if the 
velocity of the fluid were known, we could assign the time 
within which all the: powder is fired. If, for instance, the 
mean velocity of the fluid were only 5000 fect ina second, 
though perhaps it may be more, the time would be only 
about the 250th part of asecond in which the 8 ounces would 
be all inflamed. 

The foregoing are the rates of increase in the chord of 
recoil, or in the velocity of the gun, which is proportional 
to it. It must be remarked, however, that the increase in 
the force of the powder will be about double to that of 
the recoil, because the force is as the square of the velocity : 
so that, from the shortest gun to the longest, the increase 
in the force of the powder, with 2, 4, or 8 ounces, is about 
+, or from 4 to 5; and with 16 ounces of powder, the force 
is almost as 2 to 3, or the increase almost one haif of the 
less force. 

108. Again, if we contemplate the numbers on each 
horizontal line, that is, the recoils of each gun separately, 
with the several charges of 2, 4, 8, and 16 ounces of pow- 
der, we shall find that, in each of them, the recoil increases 
from the beginning, to a certain part, in a greater ratio 
than “the constant ratio, 2 tol, of the powder increases ; 
and afterwards in a Jess ratio than that of the powder. That 
the ratio of the recoils, in every gun, is greatest at first, or 
with the least charges of powder : that the ratio continually 
decreases as the charge increases: that the ratio, at first, is 
greatest with the shortest gun, and so gradually less and 
less all the way to the longest : but that, however, the ratio 
in the shorter guns decreases faster than in the longer; and 
so as to come sooner to the ratio of 2 to 1 in the shorter 
guns, than in the longer; and after that, the ratios in the 
short guns, with the same charge, are less than in the long 
ones, All these properties will perhaps appear still plainer 
by arranging together the several ratios for each n° of gun, 
as here below ; 


4 
4 


’ 
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Ratios for the Gun 


. Powder 
n°? | n° 2 n°? $ n° 4 
: 2°41 | 2°39 | 2°372| 2°36 
8 he BT 20 2°19 3°18 
1°88 1°96 2°02 2°06 

16 
means]! 2°17 2°18 2°19 2°20 


where each column of ratios is found by dividing the recoils 
successively by each other, from the beginning, namely, 
the recoil of 40z by that of 2, the recoil of 8-oz by that of 
4, and the recoil of 16 oz by that of 8. Also the first and 
second lines rather decrease, but the 3d rather increases, 
and the Jast, or that of means, also rather increases. 

And if we divide the first ratios, in the last table but one, 
successively by each other, the 2d by the Ist, and the 3d 
by the 2d ; and then again these last ratios or quotients by 
each other ; and so on; we shall obtain the several orders 
of ratios for each gun, as follows, observing uniform laws: 


N° 1 N° Q N° 3 
22 23 24 
2°41 2°39 2372 
53 917 55 *920 57 "922. 
2°21 93 2°20 97 2°19 1:00 
417 *850 121 891 125 "999 
1°88 1:96 2°02 
220 237 Q52 
N° 4 
25 
2°36 
59 "994 
2°18 1:02 
129 "945 * 
2°06 
265 


where the first column, of each n°’ or gun, contains the 
recoils with 2, 4, 8, 16 ounces of powder; the 2d the first 
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ratios, or the ratios of the recoils ; the $d contains the 2d 
ratios, or the ratios of the first ratios ; and the last column 
contains the 3d ratios, or the ratios of the 2d ratios. 

Or, perhaps, for some purposes, it will serve better to 
set the same table in the following form, where the vertical 
columns are changed into horizontal lines : 


No 1 N° 2 | No 3 
22 53 117 220|23 55 121 237|24 57 125 252 
2°41 2°21 1:89 2°39 2°20 1:96 2°37 2°19 2°02 


‘917 850 (920 °891 "O22 *922 
"93 “977 1:00... g 
No 4 wet 


25 59" 129 265 
2°36 2°18 2°06 
"924 945 
1:02 ty 


OF THE RECOIL WITH BALLS. 


109. By collecting now the mean recoil of each gun for 
évery day, after reducing them all to the same weight of 
gun, 9171b, and weight of ball, 160z 13 dr, and to the 
same radius 1000, in the manner specified in Art, 105, they 
will stand as in this following table. 


56 DEDUCTIONS FROM THE 
Powider, OZ Q 4 6 BF. 10° addi Bow. iba 
im “90 | 148] 197| 241 | 260} 290 | 294 | 329 
91} 1451 196 | 226 | 253 | 273 | 295 | 331 
199 | 234 | 260} 281 | 313} 331 
O32 287 
Gun n° l 234 
240 
244 
mediums | 90 | 14611971236 | 258 | 283} 301 | $30 
92 | 152 | 207 | 249 | 274 | 296 | 305 | 360 
95 | 157 (244 | 2716 | 3041 343 | 364 
Gun n° 2 214 348 | 
| 246 
mediums | 94 1154! 207 1246/2751 300. 3 me 358 
99 |166| 216 | 259 399 
Gun n° 3 100 |.163 | 218 | 257 380 
164 260 
mediums | 99 | 1641217 | 259 390+. 
101 | 163 266 397 
GuN n° 4 | aa ead 417 
mediums!101/163| | 266 “| 407 | 


Some of these mediums are not very accurate, for want 
of a good number of repetitions, and especially those of the 
last gun n°. 4, which has only one duplicate.. In this gun, the: 
recoils appear to be all rather low, in respect of the others,. 
but more especially that with.the charge of 4 0z of powder, 
which is evidently much more Hemunce than the rest, and 
requires an increase of about 6 to make it uniform with the 
others, and which increase it would probably have received. 
from future experiments, had there been any repetitions of 
it, Augmenting therefore only that number by 6, all the | 
orders of means will be tolerably regular, and stand as. 


below, for the most usual charges of powder, namely, 2, 
4, 8, and 16 ounces.. 
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Gun Powder 


eS 
a 


Recoils with Balls 
11 901] 146] 236} 330 
2\ 94!154| 246 | 358 
3 | 99] 1641259} 390 
4 |101 | 1691266 | 407} 


The common weight of ball being 16 0z 13dr, and the 
weight of the gun 917 lb; the other circumstances being as 
in Art. 106. 

110. From the several vertical columns of this tablet of 
means, we discover, that the recoils increase always as the 
length of the gun increases ; but that in the 4th or longest 
gun, the increase is less, in proportion, than in the others. 
And from the horizontal lines we perceive, that the recoil 
always increases as the charge of powder increases, and that 
in a manner tolerably regular; and also in continued geo- 
metrical proportion when the charges of powder are so; 
but the common ratio in the former progression being only 
about 2 of that in the Jatter. lor, if the mediums, for each 
gun, be divided by each other, namely, the 2d by the Ist, 
the 3d by the 2d, and the 4th by the 3d, the quotients or 
ratios will come out as in the following tablet : 


Ratios for the Gun 


ne 4 | ne 2 [*n?/s | n° 4 


— ee 


; 1:62 | 1°64 | 1:66 || 1°67 
g || 1:61 | a-60 | 1°58 | 1-57 
1g. | V40. | 145 | 150 | 1-53 


SO | Oe So | --hdhvVWmYmYO™"”—' 


means} 1°54 | 1°56 | 1°58 | 1°59 
where the numbers in the vertical columns, or the ratios for 
each gun separately, continually decrease ; and the num- 


bers in the horizontal lines, or for the different guns with 
the same weights of powder, rather increase in the first and 


* 
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~ 


third line, but decrease in the second, and again rather _ 


increase in the last, which are the mediums of the three 
ratios in each column, and which mean ratios are rather more 
than 3 of 2, the common ratio of the weights of powder, 
Cen: are 2, 4, 8, 16 ounces, 

And if we divide the numbers or ratios, in each column, 
continually by each other; and their quotients by each 
other again; the whole continued series or columns of 
ratios, for each gun, will be as here below: 


N° 1 N2 N° S 
20 94; | 
1°62 164 1'66 
146 994 154 ‘976 164 "952 
1°61 88 1°60 °93 1°53 1:00. 
236 $70 246 906 259 950 
1°40 1°45 1°50 
330 358 390 
N° 4 
101 
167 
169 "940 
1957 1°04 
266 §,°9'14 
1°53 
407 


where the first column, in each n° or gun, contains the 
recoils with 2, 4, 8, 16 ounces of powder; the 2d column 
contains the ratios of those recoils; the 3d contains the 2d 
ratios, and the last the Sd ratios. 

Or the same table may, for some purposes, be more con- 
veniently placed as below, where the vertical columns are 
ranged in horizontal lines: 


No ] N° 2 "NOS 
90 146 236 330| 94 154 246 358/99 164 259 390 
1°62 1°61 140 1°64 1°60 1°45 1°66 1°58 1°50 
"994 -870 ‘976 +906 "952 :950 
‘88 | "93 1°00 
No 4 


101 169 266 407 
‘1°67 1°57 1°53 
1940 *974 

1°04 
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OF THE MEAN VELOCITY OF THE BALL FROM THE RECOIL 
OF THE GUN. 


i11. Having determined the mean recoil of the guns, 
both with and w ithout balls, for ihe charges of 2, 4, 8, 16 
ounces ; we can now assign the mean velocity of the ball, 
for each gun and charge, from the recoils ; if, as Mr. Robins 
has gaebrted. the force of the powder upon the gun be the 
same, whether it is fired with a ball or without one, For, if 
that property be generally true, then the velocity of the 
ball must be proportional to the diflerence of the chords of 
recoil with and without a bail; and that difference being mul- 
tiplied by a certain constant number, will give the velocity 
of the ball itself; as we have before shown. 

Now if c denote the difference of those chords, 6 the 
weight of the ball, c the weight of the gun, g the distance 
to its centre of gravity, 7 the distance to the axis of the bore, 


and m the number of oscillations the gun would oe in 
Gge 
“bin 
. will express the velocity of the ball. And that ey, a S ae 
£ = 80°47, 1 = 89°15, and nm = 40, which are the medium 


a of those letters, then the same theorem becomes 


Bias ~ for the velocity oftheball. And further, whenthe mean 


a minute ; then we have found, in Art. 68, that = 


valile of b is i051 or 16 oz 13 dr, the same theorem for the 
velocity becomes barely 123c. Subtracting however the 
700th part in the gun n° 1, and adding in the other three 
guns, as follows, namely, 


the 1000th part in n° 2, 
400th part in n° 3, 
300th part in n° 4. 


Therefore, if each of the recoils without balls, in the last 
table of Art. 106, be taken from the corresponding recoils in 


\ 
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Art. 109, and the remainders be multiplied by 124, making 
the additions and subtractions above-mentioned, we shall 
have the corresponding velocities of the ball by this method. 
And asynopsis of the whole, for each gun and charge, will 
be as in the following table: 


Charges, 2 0z 4 0z 


Wotielies Velocity Za Resell; | | Velocity. 
Gun with } without} Diff. | ofthe {| wita | without | Drff.} of the 
nD} ball | ball ball ball | ball ball 
1 90 22 68 825 146 | 53 Po Oe Be 
2 4, 23 fh! 863 154 55 FF AL 20S 
3 99 24 15 4.3913 164 57 107 | 1302 
4 | 101 25 16 926 169 59 110} 1340 


Charges, 8 0z 


1} 236) L1T PIyo ) 44s 
2 |246} 121 | 125} 1520 
3.1259} 125. \ boa gel 
4 1266; 129 }137) 1669 


And we shall hereafter see how far these agree with the 
velocities computed from the vibration of the pendulum, 


OF THE VELOCITY OF THE BALL, AS COMPUTED FROM THE 


PENDULUM AND GUN. 


112... The four following tables contain the mediums 
of the velocities of the balls, as computed for cach day, for 
all the principal charges of powder, and for eack gun sepa- 
rately ; one table being allotted for each. In these tables, 
all the mediums are arranged in a continued series, in the 
chronological order as they occurred, and accompanied. 
with all the circumstances necessary to be known; thus 
forming a fund or collection of elements, from which other 
arrangements and principles.are to be deduced. © 
_ Each table consists of ten columns. ‘The first column 


‘y 


ne 
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‘ 


contains the dates; the next three the state of the weather 
and air; namely, the 2d column the hygrometer, or state of 
the air as to dryness and moisture ; the 3d the barometer ; 
and the 4th the thermometer ; both of which last instru- 
ments, it must be observed, were always placed in the 
shade, and within the house, while the experiments were 
made in the open air, where it was commonly much hotter 
than the degree shown by the thermometer. The 5th co- 
Jumn contains the weight of the charge of powder; the 6th 
and 7th the weight and diameter of the ball; the 8th and 
9th the velocity of the ball, the former is computed from 
the vibration of the pendulum, and the latter from the 
recoil of the gun ; and finally, the 10th column contains the 
difference between these two velocities, which is marked 
with the negative sign, ( — ) when the velocity by the gun 
is the less of the two. 
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Daily Mediums of Experiments with the Gunn? \. 


62 
Date Hygro|Barom | Ther. 
1783 ~~ linehes “deg. 
June 30 | dry |30°34| 74 
July17 | dry /30-23] 72 
19 | dry |30°12| 70 
314 dry |30°13] 69 
Aug 12 | wet /30°00| 64 
sepn0} dry |29°7 | 60 
[ 
| 
| . 
me dry |30-08] 64 
§ 
) dry |30-25} 64 
1784 
Aug 4 | wet 
4 hazy|30°25} 65 
<0} fair 
21 fair 
Oct. : dry 
5 dry 
6 .| dry 
11 |hazy 


Pow- 


der 


OZ 


16 


iil cael oe) 
Doe ODN PHD DW 


10 


STCHOnNnaNDPW OD P O Df 


Bath's 


Ws, 


OZ dr |inches 


6 1S 


Shoal 


13 


14 


15 


15 


142] - 


142 


12 j1°96 


diam 
teet 
1°95 |1456 
1°96 |1471 
797 

1109 
1412 
1367 
1419 
1785 
1087 
1353 
1383 
1417 
41375 
1333 


1243 D 


1144 
1194 

880 

838 
1331 
1386 
1402 
1453 
1402 


1295 
i368 
1475 
1493 
1520 
15238 
7155 
1131 
1370 
1475 
1124 
1372 
1:96 11445 
1:96| 759 
1°96 |1086 
1°96 |1325 
1°96 |1472 
1°96 |1411 
1°95 |1436 
1°95 \1444 


1°97 


1°97 
1:97 


Vetoc. by Lhe 
pend 


gun 
"feet 
1315}-141 
1501} 30 
832 8S 
1145) 36 
1374] - 38 
1334] -33 
1399} -20 
$38] 53 
1 9281 SrA 
1396 4.3 


1339] 44 


1170} 39 
1358) 12 


. . 
el Oe os 2 


1 
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Daily Mediums of Experiments with the Gun n° 2. 


Pow- Ball’s Velocity by the 


Date Hygrom.|Barom.|Ther. ee Diff 
75 der wt |{diam| pend | gun 
> Lise. inches deg Oz OZ dr jinches fe-t feet | feet 


2 FR 135) 1° 386 7193 840 47) 
4. 13% 1135p {1207} ‘72 
a RR Cie 1566" |1599}. * 26 
LG y 3ES ay 1660 |1499/-16] 
wet {30°00) 64 | 16] ° 124) ° 1676 |1497}-179 


July 23 dry {29°88} 70 


Aug 12 


ie " : L571 14.52/- 119 
Sie err 1569 

1G ; 1608 

1 Thy Bo SU Ba 1615 

Pac hee et ae 1517 D 

16 ie Be 1664 D 

6. .5°e Rla 1448 

Se Shee et te 1561 

LOM} oes : 1618 


2{- +: |* 1669 
I dry |30°28] 64 a7 4 i aa (rgd PPh 
L 


2 856 8461 - 10 
Sept 11 dry 29°93) 60 Seip Fo cone h Sr EOS... 12 20N oO 
a} dry {29:93} 59 

f 
i] 


1Gs [nea SEL GOT 
LS by eek Be ee ees 
BOs eres wks -t FLOSS 1 
1785 
Sept 2 cloudy 8} ° 13 |1°96 j1503 
9 | drv 4] * 12 11°96 |1204 
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Daily Mediums of Experiments with the Gun n° 3. 


Pow- Ball’s Velocity by the ; 
Date ilygrom.|Barom| Ther.| ge, | —————-———— ico tall Bi Diff 
der wt diam pend gun 
ES imehes deg } oz 0% dr|inches} feet feet. | feet 
July12 | dry 16 |16 13 {1:96 |2030 _ |1706)- 324 


1°96 11353 {1321} -32 
ee ° 1766 =|1620/- 146 
¢ OFWs 898 9211 23 
* 421) © {F803 -11594)- 209} 
“ 2 f + 11966 11542404 

loa" 926 996 Z 
see & 1334 [1266] -68 


18 dry (30°28) 68 
19 | dry |30-12) 70 
Aug 13 5 cloudy {30°17| 64 


Sept 8 2| moist {30°03 61 


Ee 0O CO COP & PD SP bOD OW .CO 
pt 
fi 


fAug 5 dry |29'98| 68 : 1-97 |1616 | 
| 15 241 87}1225 a 
16 2 11:92}1244 
16 14 |1°97 |1346 
15 2/1 87}1662 
16 3 |1°92)1728 
16 14 |1 97|1815 
l 


96 |13838'D 


Daily Mediums of Experiments with the Gun n° 4, 


: ; Pow- Pall’s Velocitv "wv the | | 
Date Hygrom. |Barom.|Ther.| ge, -—-—————__| ——__ ——__] Diff 
wt diam pena gun 
1783 inches] deg oz joz «dr |inches| feet ‘feet | feet | 


8 116 13 |1:96] 1936 |1643]- 293 

6.1 . 2161 |1656]- 505} | 
JN ae are bo 968 | 929] -39] — 
a eal Oe 1375 |1295} - 80] 


July 294} dry |29-90) 72 


304 dry [30-06] 69 
5 A648 
Oct 12 dry Te PERS Be fe 2060 
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113. The foregoing tables contain the several mediums 
of velocities, for apo ve and for all varieties in the cirs 
cumstances of powder, and weight and diameter of ball. It 
will now then be proper to cajlect together all the repeti« 
tions of the same charge or weight of powder, and to take 
the mediums of all those mediums, ta serve a s:fixed ‘radix 
cal fumbers, or established degrees of velocity, adapted to 
all the various charges of powder; and length of gun, Now, 
for this purpose, it may bé proper to reduce the numbers 
of these tables all to one common weight and diameter of 
ball, namely, to the weight 16 0z 13dr, and the diameter 
1°96 inches, which are the numbers- that most commonly 
occur. And this reduction will be very well deduced from 
the experiments of September 11, 1784, when several 
trials were made with divers weights and diameters of ball, 
and with both 4 0z and 8 oz of powder, the results of which 
accord very well together. In the experiments of that day, 
it was found that, with the 4oz charges, 3 of the whole 
velocity is lost by the difference of 4 of an inch in the 
diameter of the ball; and, with the 8 oz charge, 3. of the 
velocity is lost by the same difference of windage. But the 
quantity of inflamed fluid which escapes, will be nearly as 
the difference between the area of the circle of the bore and 
the great circle of the ball, or the force will beas the square 
of the ball’s diameter ; and the.velocity, we know, is as the 
square root of the force: therefore the velocity-is as the 
diameter of the ball; and the difference in the velocity, as 
the difference in the wrwiiies| or as the windage. Hence, 
if w denote any difference of windage in parts of an inch, 
or difference between 1°96 and the diameter of any: ball, 


1 | | | 

and — the part of the experimented velocity lost by 5 of 
b's 104 

an inch difference of windage; then shall 5 2 wii— 3 mn 


which last term will show what part of the experimented ye- 

Jocity is lost by the increase ofywindage denoted by 10. 

By this rule then, I reduce all the velocities to what they 

would have been, had the diameter of the ball been con- 
VOL, IIt. £ 
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stantly 1°96. It is to be noted, however, that the value of 
m will vary with the charge of powder: with 4 ounces of 


powder, it was found that = was 4 of the whole velocity, 


1 
or ¢ of the experimented i ea ; but with 80z of powder, — 


was found to be ,2 x of the whole, or ,-of the experimented 
velocity. We shall not be far from the truth, therefore, if 
we take the following values of ~, to the several corre- 
sponding charges of powder; that is, as far as 16 oz in the 
guns n° 3 and 4, and then returning backwards again, as 
the powder is increased above 16 0z, by 2 oz at a time; 
but in the gun n° 2, to continue only to 14 0z, and then 
return backwards again for all above 14 0z ; and for the gun 
n’ 1, to continue only to 12 oz, and then return backwards 
for all above that charge. 


Powder Value of ~ 
aor. (2h) seh 8a 

4-4 = = = ‘166 

6 A = + = °160 

8 & = FF = ‘154 

10 fF = 7 = °148 3 
12 4 = F = 1143 «4 
4 4 = 4 = (133 

pe apt enti 


Such then is the reduction of the velocity on account of the 
windage. And as to that for the different weights of the ball, 
we know that the velocity varies in the reciprocal subdupli- 
cate ratio of the weight ; and according to.this rule the num- 
bers were corrected on account of the different weights 
of ball. After these reductions then are made, the numbers 
in the foregoing tables, arranged under their respective 
charges of powder, will be as follow, for a ball of 1:96 
diameter, and weighing 16 oz 13dr. 
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Mean Velocities of Balls, for all the Guns, with several 
Charges of Powder, reduced to a Bail of 1°96 Diameter, 
and weighing 16 oz 13 dr. 


8 10 12 14 16 


Powder, oz| 2 4 6 
-—_->-_-_ oe eee eee —_—eoeo- | CS - | - oo? | Cc CO 


797 |1109 {1334)1471|141711412/1333|1478 

7184 |1086 |1298)1352}1405}1375) 1405/1367 

754 {1129 |1371)1383/1476/1453/1511|1418 

759 |1103 {1368/1389 1503 1243D 

1084 |1347 

Gun n° 1 1322)1472 


a 


mediums |774 /1102 |1340/1431!1433'14361141611430 


794D| 1 136D)1 444) 1 566}1605|1612/1657|1660 
855 |1238 1569)1613) 1664 1674 


Gun n° 2 1204 1566 1661 
1557 1632 
1503 
mediums 1825 11191 1144411552!1609|1638 1657 1656 
898 11353 )1593|1766 2030 
926 11334 1801 1966 
Gun n° 3 1327 1793 
o 1378D 


——— | 


mediums |912 |1348p!1593 1783) 

(968 [1373 | 
Gun n° 4 

mediums 


968 11373 


114. These last medium velocities, for each gun, will 
be tolerably near the truth; and the more so, commonly, as 
the number of the other mediunis is the greater. For want, 
however, of a sufficient number of each sort, there are some 
small irregularities among the final mediums, which may be 
corrected, forthe most part, by adding or subtracting 3 or 
4. feet, as they are sometimes too little, and sometimes too 
great. And these small deviations will be very easily disco- 

F.2 
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vered by dividing the mediums by each other, namely, ea 
of the velocities for 4, 6, 8, kc, ounces of powder, . 
that for 2 ounces. For we nb we from the principles of 
forces, and other experiments, that the» velocities will be 
nearly as the square roots of the quantities of powder ; that 
is, while the length of the charge does not much shorten 
the length of the bore before the ball; but gradually de- 
viating from that proportion more and more, as the charge 
of powder is increased in length; because the force has 
gradually a ‘less distance and time to act upon the ball in, 
Now by dividing the quantities of powder 4, 6, 8, &c, by 
2, the quotients 2, 3, 4, &c, show the ratios of the charges 3; 
and the roots of thoes oe namely, 


1414 
1732 

2°000. 
+ &e, 


show the ratios which the velocities would have to each other 
nearly , if the empty part of the bore was constantly of the 
same length. But as the vacant part always decreases as 
the charge increases, the ratios of the velocities may be 
expected to fall short of those above, and the sooner and 
the more so, as the gun is shorter. Accordingly, on trial, 
we find the ratios hold pretty well, even in the shortest 
gun, as far as to the 6.0z charge ; but inthe 8 oz charge it 
falls about 4, or +, part below the true ratio, being 1:85 
instead of 2, In the longer guns, the proportions hold out 
gradually longer, and the deviations are always less and 
less ; thus, in the 2d gun, the ratio for the 8oz charge is: 
about 1°895, in the 3d it is 1°945, and in the 4th gun 
it is 1999 or 2 very nearly. And so for other charges.. 
Correcting then some of the mediums by means of this pro- 
perty, the more accurate radical medium velocities, for 
each gun, with the several charges of 2,4, 6, and 8 ounces 
of powder, will be as here follow : 


a * 


s 
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- PAs ae i Pee es oa, ch is, Se 
7 Powder Gun n° 1 N°? 
Ratio. Veloc. Dif. 1, 11.]! Ratio. Veloc. Dif. 1. 11. 


2 FBO 9G! Ph: 835445 

4 1-410 1100 , SO |} 1-414 1180 bs 80 

6 1731 1340 150 |) 1730 1445 130 

8 1:850 1430 rr 1:393 1580 
Powder Gua n° 3 N° 4 i 

- 920 389 970 400 

4 1-413 1300 44) 99 } 1-412 1370 ,,, 90 

6 | 1-729 1590 5, 90 1 1732 1680 5, 50 

8 {1,945 1790 2-000 194.0 


where the velocity is set in large characters in the middle 
column ; and on the left hand, in a small character, is the 
ratio, which is found by dividing each velocity by the first, 
the law of which ratios has been mentioned above; also on 
the right hand are the columns of first and second differ- 
ences ; the first being the difference between each two suc- 
ceeding numbers, and the second the differences of those 
differences. . 

“Or, for some purposes, it may be more convenient to 
range the velocities, Xc, as here below : 


- Gun n? 20z 402 

® 1 worericte oye 1-410 1100 
iv) 835 1:414 1180 
t : 85 120 
* 3 920) |l1-413 1300 “| 
4 970 1-412 1370 , 

Gun n° 6 oz 8 oz 


] 1-731 1340 105 1:°850 1430 150 
a 1-730 1445 {11-893 1580 

145 210 
3 1729 1590 1945 1790 
4 90 150 


1:732 1680 2:000 1940 


where the numbers are here placed in horizontal lines, 
which before were vertical ; and vertical here, those which 
_ before were horizontal: and where the law, both of the 
ratios and differences, is evident, We also hence perceive 
how, for each charge, the velocity of the ball is continu- 
ally increased as the guns longer. 


® ry 
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And these velocities may be considered as standard radical 
numbers, here deposited, and ready to be applied to any 
purpose, in which the consideration of the velocity can be 
useful. And those for the other charges of powder will be 
as in the general table in Art. 113. 

115. These velocities, however, it must be remarked, 
are those with which the ball strikes the pendulum, after 
passing through the air between it and the muzzle of the 
gun; and consequently they are less than the velocities 
with which it immediately issues from the gun, by as much 
velocity as the ball loses by the resistance of the air, in its 
flight through that space. Now we have found, in Art. 33, 
that the first velocities lose at least their 84th part by that 
resistance, when the air behind the ball is supposed in- 
stantly to fill up the place always quitted by the ball in its 
‘flight. But as this is not exactly the case, the air rushing 
into a vacuum with a certain finite velocity only, therefore 
‘the part lost will be gradually more and more as the ball 
“moves swifter, till its velocity become equal to that of the 
air itself; after which the part lost will remain constant. 
And Mr. Robins asserts, that the velocity lost by very swift 
motions, is about 3 times as great as that lost by slow ones; 
and therefore that will be about the 28th part. So that 
the loss will always lie between the 84th part and the 28th 
part. Ishall therefore leave it in this uncertain state, till 
other experiments enable us to ascertain what may be the 
exact proportion of loss peculiar to every degree of velocity. 

116. From the general table of medium velocities in 
Art. 113, it is, evident that, for each gun, the velocity 
increases with the charge to a certain extent, where it is 
sreatest ; and that afterwards it gradually decreases as the — 
charge is increased. It further appears that the point, or 
charge, at which the velocity is the greatest, is different 
in the guns of different lengths; the charge which gives 
the. maximum of velocity, being always greater, as the gun 
is longer. And by tracing this increase of charge, from the 
beginning, to the point of greatest velocity, it appears that, 
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with the Ist, 2d, and $d guns, the charges which give the 
greatest velocities, are nearly as follow, viz. 


Gun n° 1 at the charge of 12 02, 
- = 2 = = _ = be 14 OZ, 
> ca 3 al = = - = 16 OZ, 


Here it will not be so proper to specify what portion 
of the weight of the ball these weights of powder are; being 
no ways regulated by that circumstance; but what portion 
of the bore of the gun is filled with these quantities of pow- 
der. Now, by the table of the lengths of charges in Art. 
104, it appears that the lengths of the charges of 12, 14, 
and 1602, are these, viz. 


120z + - 8:20 inches; gun 1, its length 28°5, 
1402 - - 947 inches; gun2 = - - 384, 
160z - - 10°74inches; gun3 - = = 57°7. 


Then dividing each length of charge by its corresponding 
length of gun, we obtajp nearly these three following frac- 
tions, viz. 


, x in gun 1 of 15 calibers long, 
. Lor 3 in gun 2 of 20 calibers long, 
fe in gun 3 of 30 calibers long, 


which express what part of the bore is filled with powder, 
when the greatest velocity is given to the ball, with each of 
these lengths of gun. And which therefore is not one and 
the same constant part for all lengths of gun, but varying 
nearly in the reciprocal gilhd aibate ratio of the length of 
the bore ; or still nearer in the reciprocal subduplicate ratio 
of the empty part of the bore before the charge. And, by 
this rule, finding the part for the longest gun, or n° 4, it 
will be found to he nearly 3, or 12 inches in Jength, answer- 
ing to 18 ounces of powder. So that the whole set of 
numbers, for the greatest velocity, will be as follows: , 


uf 
= 
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Ran st Length of | eat rth 
bore Wt. oz train! Part of 
tL ie whole 
baba OS 6 ER ef Brel) 
Q) B6t4 | dae [NS | ok 
BT BT VAG. | MOOT lhe ee 
: 4. 80°2 ps 12°0 ms 


147. Having so far settled the degree of velocity of the 
ball, as. determined by the vibration of the pendulum, we 
may in like manver now proceed to agsigu the mean veloci- 
ties, as deduced from the recoil of the gun, The repeti- 
tions in tbis latter way are not so numerous as in the former; 
but, such as they are, we shall here abstract them from the 
ecneral tables in Art. 112, reducing them, however, all to 
the same cammon weight and diameter of ball, as was done 
In Arty 143. ) 

Mean Velocities from the Recoil of the Gun. 


Powder, OZ 2 4 6 8 12 


832] 1145 | 1344 | 1501 | 1374 | 1337. 
Gun n° 1 837 | 1120 | 1352 | 1393 1334 
1165 | 1396 

mediums | 335 “1143 1 1348" 1447 | 1374 | 1356 

~ Gunn.2, 1 Bal | 1208-41 1592 | | 1499 
© 1845) 1218 1450 . 1494 

mediums | 8+3 | 1213 isa 1496 
Cusine s Teo) 1521 1620 1706 

: | 928 | 1266 1591 1540 
mediums | 925) 1994 1605 te 1623. 
ee el tee ae 


‘hese mediums however are not so exact as rae in Art. 
111, because those were deduced from a creater number of 
‘particulars, We shall therefore chieAigy adopt those that 
“were stated in that article, for the radical standard veloci- 
ties of the ball, as datewuined from the recoil of the oun, 
excepting in some instances when the other is used, and 


sometimes the mediums of both. So that the final ied niin 
will be as follow : 
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Velocities of the Ball from the Recoil of the Gun, 


Gun n° 2 oz 4 0z 8 0z 16 oz 


1 850 | 1135 | 1445 [01345 
2 -| 863 | 1203 | 1521 | 1485 
3 | 919 | 1294 | 1631 |°1680 
4 \ 929 | 1317 \ 1669 |-1730 


118. Let us now compare these velocities, deduced from 
the recoil of the gun, with those that are stated in Art. 113 
and 114, which were determined from the pendulum ; Be, 
we may see how near, they will agree. together. And, 
this comparison, it will be sufficient to duiloy the vale. 
ties for 2, 4,8, and 16 ounces of powder; this will be the 
most certain also, as these mediums are better determined 
than most of the others. 


Comparison of the Velocities by the Gun and Pendulum. 


Pik 2 oz ‘ vi Bp 40z 

Gun n° Velocity by os Velocity by 
gun pend gun | pel pe nd 
1 $30 780 50 1135 1 100. 
2 863 835 28 1203 1i380 
3 919 920 -1 1294 1300 
4. 929 970 - 41 1S L7.,t Lag 
Gun n? 8 07 |] 16 02 


1 1445 | 1430 ro 1345 Vo ISTT 
2 1521 | 1580 -59 || 1485 | 1656 
3 1631 | 1790 | -159 1680 | 1998 
4. 1669 | 1940 | -271 1730 | 2106 


In this table, the first column shows the number of the 
gun; and its velocity of ball, both by the vibration of the 
gun and pendulum, with their differences, is on the same 
line with it, for the several charges of powder. After the 
first column, the rest of the page is divided into four spaces, 
for the four charges, 2, 4, 8, 16 ounces; and each of these 
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is divided into three columns: in the first of the three, is 
the velocity of the ball as determined from the vibration of 
the gun; in the second is the velocity as determined from 
the vibration of the pendulum; and in the third is the dif- 
ference between the two, which is marked with the nega- 
tive sign, or —, when the former velocity 1s less than the 
latter, otherwise it is positive. 

119. From the comparison contained in the last article, 
it appears, in general, that the velocities, determined by 
the two different ways, do not agree together; and that 
therefore the method of determining the velocity of the ball 
from the recoil of the gun, is not generally true, though 
Mr. Robins and Mr, Thompson (now Count Rumford) had 
suspected it to be so; and consequently that the effect of 
the inflamed powder on the recoil of the gun, is not exactly 
the same when it is fired without a ball, as when it is fired 
with one. It also appears that this difference is no ways 
regular, neither in the different guns with the same charge, 
nor in the same gun with different charges of powder. That 
with very small charges, the velocity by the gun is greater 
than that by the pendulum ; but that the latter always gains 
upon the former, and soon becomes equal to it; after 
which, it exceeds it more and more as the charge of powder 
is increased. That the particular charge, at which the two 
velocities become equal, is different in the different guns; 
and that this charge is less, or the equality sooner takes 
place, as the gun is longer. And all this, whether we use 
the actual velocity with which the ball strikes the pendulum, 
or the same increased by the velocity lost by the resistance 
of the air, in its flight fromthe gun to the pendulum. 


OF THE RANGES AND TIMES OF FLIGHT. 


A 
120. Having dispatched what relates to the velocity of 
the ball, we may now proceed in like manner to the expe- 
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riments made to determine the actual ranges, and the times 
of flight of the balls. 

‘The mediums of these, hitherto obtained, are not so nu- 
merous as could be wished ; however, such as they are, we 
shall here collect them, in the same manner as we did the 
circumstances relating to the initial velocities in Art. 112. 


Mediums of Ranges and Times of Flight. 


Pow- Ball’s Elevat} Time 


Date Barom) Ther.} ge; aes wan vay rere fit {| Range: 


inches — e { sec” ~ feet | 

1°965 14°0} 5916 

1°96 5 |14°7} 6216 

1:96 8°4| 4398 

1°963 8°3.; 4523 

“Ve 22°0} 5068 
20°3 


1785 |inches| deg 
Sept 2 29:80] 66 
8 130°021 65 
14 |30°50) 67 


28 ; 30°35; 60 


° 


29 4 130°35) 60 


ot 
SP NWN |S bh OON 


3 29°39) 63 


eee oe 


29°88! 60 


Of these, the first 6 day’s experiments were with the gun 
n° 2; and the last two days, with the gun n° 3. 


121. Now, by taking again the mediums of these, both 
in the balls, and their ranges and times of flight, they will 
finally come out as follows; 
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Final Mediums of Ranges and Times. 


Gun Powder 
Tae oz 
2 
Z 
Ne? 4 
8 
12 
N° 3 UWE agg 


Ball’s 


OZ dr 


16 10 
16 


raches 
1°96 
1°959 
1°96 
1°962 
1°95 
1°96 


Elevat| Vim Velocity 
gun fit Aause | of ball 
deg sec | feet | feet 
45 121°2) 5109 3863 
15 | 9°2) 4130 868 
15 | 9:2] 4660 | 1234 
15 |14°4] 6066 | 1644 
15 {15*5 | 6700 | 1676 


15 110°1! 5610 | 1930 


And in the last column are added the corresponding ini- 
tial velocities, which the ball would have at the muzzle 
of the gun; which have been extracted from the medium 
velocities, as determined by the pendulum, and here re- 
duced to the peculiar weight and diameter of ball in each 
particular case of this table, by the reductions specified in 
Art. 113, and by augmenting the velocity for the 2 ounce 
charge by its 36th part, and the others by their 28th part, 
for the loss of velocity in passing from the gun to the peh- 


dulum. 


So that, in this little table, we have the following conco- 
‘mitant data, determined with a tolerable- degree Me preci. - 


sion; namely, the weight of powder, the ree ht and dia- 
meter of the ball, the initial or projectile velocity, the 
elevation of the gun, the time of the ball’s flight, and its 
‘yange, or the distance on the horizontal plane.’ From 
which it is hoped that the resistance of the medium, and its 
effect on other elevations, &c, may be in same measure 
‘determined, and so afford the means, of deriving rules for 
the several cases of practical gunnery: a subject intended 
to be further treated on, in the future prosecution of these 


experiments. 


OF THE BALL’S PENETRATION INTO THE WOOD. 


I shall here select only those depths of the penetrations into, 
the block of wood, which have been made in the course of 
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the last year’s experiments, as they are the most numerous 
and uniform, and were all made with the same gun, namely, 
n° 2, I shall also select only those for 2, 4, and 8 ounces of, 
powder,as they are the most useful and certain numbers, for. 
affording safe and general conclusions ; and besides, the trials 
with other charges are too few in number, being commonly 
no more than one of each. 


Mean Penetrations of Balls into Elm Weod. 


Powder 2 
"371 16:6 


That is, the balls penetrated about. 
7 inches deep with 2 0z of powder 


And these penetrations are nearly as the numbers 
2,4, 6, or 1, 2,33 but the quantities of powder are 
as2, 4, 8, or 1,2, 4% so that the penetrations are as the 
charges as far as 4 ounces, but in a less ratio at 8 ounces, 
‘namely, less in the ratio of 3 to 4. And are indeed, so far, 
proportional to the logarithms of the charges. But the 
wood was wet within side, and therefore probably soft, 
which will give the penetrations too much. 
Now, by the theory of penetrations, the depths ought to 
be as the charges, or, which is the same thing, as the 
squares of the velocities. But from our experiments it ap- 
pears, that the penetrations fall short of that. proportion in 
the higher charges. And therefore it would seem, that the. , 
resisting force of the wood is not uniformly the same; but 
that it increases a little with the increased velocity of the ball. 
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And this probably may be occasioned by the greater quan- 
tity of fibres driven before the ball; which may thus in- 
crease the spring or resistance of the wood, and so prevent 
the ball from penetrating so deep as it otherwise would do. 
But it will require further experiments in future to deter- 
mine this point more accurately. . 

122. Before concluding this account, it may not be un- 
useful to make a short recapitulation of the more remarka~- 
ble deductions that have been drawn from the experiments, 
in the course of these calculations. For, by bringing them 
together into one collected point of view, we may, at any 
time, easily see what useful points of knowledge are hereby 
obtained, and thence be able to judge what remains yet to 
be done by future experiments. Having therefore experi- 
mented, and examined, all the objects that were pointed 
out in Art. 5, we shall just slightly mention the answers 
to these enquiries ; which are either additions to, or con- 
_firmations of, those laid down in Art. 2, as drawn from 
the former experiments in the year 1775. 

And Ist, then, it may be remarked, that the former law, 
between the charge and velocity of ball, is again confirmed, 
namely, that the velocity is directly as the square root of 
the weight of powder, as far as to about the charge of 
§ ounces: and so it would continue for all charges, were 
the guns of an indefinite length. But as the length of the 
charge is increased, and bears a more considerable propore 
tion to the length of the bore, the velocity falls the more 
short of that proportion. 

2nd. That the velocity of the ball increases with the 
charge, to a certain point, which is peculiar to each gun, 
where it is greatest; and that by further increasing the 
charge, the velocity gradually diminishes, till the bore is 
quite full of powder. That this charge for the greatest 
velocity is greater as the gun is longer, but not greater 
however, in so high a proportion as the length of the gun 
is; so that the part of the bore filled with powder bears a 
less proportion to the whole in the long guns, than it does 
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in the shorter ones; the part of the whole which is filled 
being indeed nearly in the reciprocal subduplicate ratio of 
the length of the empty part. And the other circumstances 
are as in this tablet. 


Lable of Charges producing the Greatest Velocity. 


o |Lengthof; Length | Part of the | Weight of 


Gon n° | the bore} filled whole the powder 
| inches | inches — La ly Coa 
1 | 285 | 82 re 12 
2 1 384 | 95 x k4 
3 | 5t7 | 10-7 Ae 16 
4 | 802 | 12:0 i 18 


3dly. It appears that the velocity continually increases 
as the gun is longer, though the increase in velocity is but 
very small in respect to the increase in length, the veloci- 
ties being in a ratio somewhat less than that of the square 
roots of the length of the bore, but somewhat greater thar 
that of the cube roots of the length, and is indeed nearly in 
the middle ratio between the two. But the particular 
degrees of velocity for each gun, and charge, may be secn 
at p. 67 and 69. 

4thly. It appears from the table of ranges in Art. 121, 
p- 76, that the range increases in a much less ratio than the 
velocity,and indeed is nearly asthe square root of the velocity, 
the gun and elevation being the same. And when this is 
compared with the property of the velocity and length of 
gun in the foregoing paragraph, it appears that we gain 
extremely little in the range by a great increase in the 
length of the gun, the charge being the same. And indeed 
the range is nearly as the 5th root of the length of the bore ; 
which is so small an increase, as to amount only to abou 
4th part more range for a double length of gun. 

5thly. From the same table in Art. 121, it also appears, 
that the time of flight is nearly as the range; the gun and 
elevation being the same. 

6thly. It appears that there is no difference caused in 
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the velocity or range, by varying the weight of the gun, 
nor by the use of wads, nor by different degrees of ram- 
ming, nor by firing the charge of powder in different parts 
of it. 

7thly. Buta very great difference in the velocity arises 


from a sinall degree of windage. Indeed with the usual | 


established windage only, namely, about ~%th of the caliber, 
no less than between 4 and 4 of the powder escapes and is 
lost. And as the balls are often smaller than that size, 
it frequently happens that 4 the powder is lost by unne- 
‘cessary windage. 

8thly. It appears that the resisting force of wocd, to 
balls fired into it, is not constant. And that the depths 
penetrated by different velocities or charges, are nearly.as 
the logarithms of the charges, instead of being as the. 
charges themselves, or, which is the same sind as the 
square of the velocity. 

9thly. These, and most other experiments, show, that 


balls are greatly deflected from the direction they are.pro- ,_ 


jected in; and that so rauch as 300 or 400 yards in a range 
of a mile, or almost 4th of the range, which is nearly a 
deflection of an angle of 15 degrees. 


10thly. Finally, these experiments furnish us with the: 


following concomitant data, to a tolerable degree of accus 
yacy 5 seusite Wei the dimensions and elevation of the gun, 
the weight and dimensions of the powder and shot, with 
the range and time of flight, and first velocity of the ball ; 
from which it is to be hoped, that the measure of the resist- 


ance of the air to projectiles may be determined, and theres. 


by the foundation be Jaid for a true and practical system of 

gunnery, which may be as well useful in service as in 
Be tis, ; especially after a few more accurate ranges are 
Teeagttinee: with better and larger balls than some of the 
last employed on the foregoing ranges, . 
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THE EXPERIMENTS OF 178), 


125. The chief object of this year’s experiments was, 
by discharging the balls against the ballistic pendulum, 
placed at different distances, to observe how much velocity 
would be lost in passing through different spaces of air, and 
thence to determine the quantity of the air’s resistance, to 
every degree of velocity in the ball. The gun employed 
was n° 2: and the charges of powder were 2 ounces and 8 
ounces ; because the velocity of the ball with the former 
charge would be about 800 or 900 feet, and of the latter 
about 1600 or 1800 feet per second ; nearly in the middle 
between which, Mr. Robins says, the Jaw of the resistance 
changes from the square of the velocity, so as to give about 
triple the result of that ratio. 

Three barrels of fresh good powder were mixed together; 
to be used in these experiments, that they might be all 
made with the same kind, or powder of equal strength. 
And a parcel of very nice round balls were cast, with very 
small windage, being each*of 2 inches in diameter, and 
weighing 18 ounces, sometimes a dram or two over or under; 
The charges, as before, were put in flannel bags, and mo- 
derately thrust up always to the same height in the bore, 


{26. Monday, September 10, 1787, 


Attended to weigh the pendulum, and measure the dis- 
tances to the centres of gravity and oscillation ; which were 
as below: 

The weight of the pendulum and its spear 791 Ib, 


Distance to the centre of gravity - - - 782 inches 
Vibrations in 10 min. by a medium of 2 times 401, 


Hung up the pendulum in its place, and prepared every 
thing, to be ready to begin firing the next morning. 
VOL. II. G 
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127. September 11, 1187; from 10 til 1. 
Dry weather. 


Barometer 30°33 ; Thermometer 58°. 


. | 
_} Vibr | Point | Plags yee st Velocity o 


pend jstruck | wt p g ball 


oz | oz dr | feet c finches] oz Ib inches feet 
g 118 O| 30 |180/88-0| 3 |791°0] 78:2 11728 
9/18 O| 30} 79|89-0] 3 
8 118 O]} 30 |173|89-4]| 3 | 7934] 782 | 1638 
2/18 O} 30} 90/902} 3 |7945| 783 | 847D 
2118 O| 30 |103/89-2] 3 |795°T| 783 | 981 
2118 O| 30 | 99/87-7| 4 |796°9| 78:3 | 961 
g {18 O| 301177] 868} “4 |798°1| 783 | 1738 
8118 0] 90 1157/87-9] 4 |799°31 78-4 | 1527p 
2/18 O| 90 | 95/887] 4 |800°4! 784] 917 
$118 O} 90 |165/91°9|] 3 |801°6] 78:4 | 1539 D 
2118 O| 90 | 96/866] 3 |802°8| 7841 952 
81/18 O} 90 |165}86°9| 5 |804-0| 78-4 | 1632 
1131 2/18 O!190] 9318491 4 |805:2!1 78:5 | 934 


To find the mediums. | 


With 8 oz 2 0z 
ft RPA Ma PILI. MA AE 
At 30 feet 90 feet 30 feet 90 feet 
1728 D D nh 
1638 D 981 952 
1738 1632 961 934 
Medi. 1702 1632 971 934 
Lest in 60: feet.) + ©7042 © - = +) += 37 


Therefore, in passing through 60 feet of air, the greater 
lost 70, or 24th part, the less lost 37, or 26th part. 

The charge at n° 2 was not set up home in the bore. 

Some of the rounds are omitted as doubtful, marked p.— 
The number of oscillations will remain invariable, as the 
balls lodged about the centre of oscillation, or nearly at 
equal distances above and below it. The mean of the 
penetrations was 8°8 inches, with 2 oz of powder. 
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128. September 12, 1787; from 10 till 1. 
Dry weather. 


Barometer 30°31 ; Thermometer 57°. 


xe [Pow-| 3.1, | Dist:| Vibr | Point | Ploge| __ Values of Maitarty | 
der a gun | pend] struck| wt p g bal] 
oz |oz dr | feet c inches] oz Ib | inches feet 
8 118 01150] 153 1892 4 | 806°3 | 78°5 1481p 
= 18 11150! 931/881 2 | 807°5 | 78°5 909 } 
8 18 1 | 150/153 |82°3 4 | 808°7 | 78°53 1603 
2 18 1 |} 150} 91{89°1 3 |809°9 | 78'6 883 
§ | 18 1 |150}152/87°5| 4 |] 8111 | 786 1503 
2 18 1/|150} 94)488°6 3 | 812°2 | 78:6 920 
8 | 18" 14/210 
8 18 1 | 210/147 |84°0 5 | $13°4 | 78°6 1519 
7 i8 11210! 90|90°4 3 | 814°6 | 78°6 866 _ 
8 118 1 {210/142/86:0} 4 | 815°8 | 78°7 1439 
2 118-1 )2101 75 
2 118 2/}210} 89187°3| 418170] 78°7 887 
8 18 0 | 210); 146 | 84°4 5 +8181) 78°7 1519 
2118 1/210{ 86|83-5' 381931 78-7 | 902° 
With 80z 2 oz 
oo KN -— cee 
At 150 feet 210 feet 150 feet 210 feet 
D 1519 909 866 
1603 1439 883 887 
1503 1519 920 902 
Mediums 1553 1492 | 904 876 
Lost in 60 feet - - 61 - = = = - = = 28 


So that, in passing through 60 feet of air, the greater 


lost 61, or 25th part, the less lost 28, or 32d part. 


N° 7 struck the edge of one of the side iron bands, which 
turned the ball aside from the pendulum. And n° £1 struck 
the iron band, which broke the ball in pieces————~The pe- 


netration of n° 8 was 19+ inches. 


G2 
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129. September 13, 1787; from 10 till 3. 
Dry weather. 


Barometer 30:25 ; Thermometer 56, 


Ne Bay 6p yb Point | Plugs Mi ie aes Velocity 
pend jstruck} wt Pp g of ball 
oz | oz dr | feet c finches} oz Ib inches| feet 

1} 8 417 15 {300 

2} 8418 11300) 121) 78°5 820°5 | 78°8 | 1354 

3 8118 1}300}152|}92°6 8 | 821°7 1] 78°8 | 1445 

+ 8 {18 11|300} 135 | 93°4 2 | 822°9 | 78°8 |1273pD 

5| 8|18 2]|300 “ 

6 8 }18 2/300] 121 1|79°9 3 | 824°0 | 78°8 |} 1331D 

7| 8118 2]300] 122|82°0! 3 | 825°2]78°8 |1310D 

8{| 8 {18 1]300/135189°3] 2 | 826°4}78°9 |1339D 

9 2417.151/300) 7171846 2 | 8276|78'9| 814D 
10 2117 15{300} 931/99°1 828°8 | 78°9 | 840 
1] 2117 15/300} 83 | 90°4 2 |} 829°4| 78:9 | 823 
12; 2}|17 151300} 89]95:3] 2 | 830°5 | 78°99 | 838 
13 8 |17 15 {378 | 134] 94°4 3 | 831°7| 79°0 | 1277 
14 2117 15|378) 85195°0 3 | 832°9| 79:0 | 806 
15 8 |17 15.1378 834°0 | 79°0 

With 8 oz 2 oz 
At 300 feet 378 feet 300 feet 378 feet 
Mediums 1400 1277 834 806 
Lost in 78 feet - Peas me. we et -* 2 Ses 


So that, in passing through 78 feet of air, the greater lost 
123 feet, or 11th part, the less lost 28 feet, or 30th part. 
But the velocity 1277, in the 13th round, is probably too 
small. 

The 5th and 15th rounds missed the block. The 10th. 
ball struck the bottom bar, and broke it: the ball also broke 
in two; the one half of which lodged in the block, and the 
other half rebounded 3 or 4 feet back only. | 

After the experiments were finished this day, the pendu- 
jum was measured and weighed, as at first; when it was 
found that the 
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Distance to the centre of gravity was a x ea hea 


79°0 inches or: = <= =, \~ -epsey. 7° Zat first ; 
N° of oscillations in 10 minutes by mot 401 he same 
watches, was = - - = - as at first; 


Weight of the pendulum and spear - - $34 1b, 
Now the balls lodged were 364 at 180zeach = 41 
And the weight of plugs was - - - - (+ 
Therf. the wt. of the balls and plugs was 482 
Which added to the weight at first, viz. 791 | 

makes 8392 
So that there has been lost by evaporation 61 1lb in3 days, 

the weather being very dry. 
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AS0: September 20, 1187. Fine warm day. 
Barometer 29°64; Thermometer 61°, 


Experiments made in the Barrack Field, with balls of 
equal diameter, but of different weights and materials, dis- 
charged out of a small Coechorn mortar, to show the Resist- 
ance of the Air. 


“Nature of the 


of Devia- Ranges Mediums 
do. shot 


der wt |diam| flight] tion 


oz | lb oz {inches} sec feet feet feet |} 
] 1 14 4 [4°43 259 
A a | ey ie 4. 255 256 ; 
ANS ek bse ah 4 he? 7 30 R| 870 
5} VL j12 14 |4°49] 5 376 
6 1 14 5 399 3°16 
ike | 14]? 5 354 Solid iron balls 
$2 14 8 L 41 Mee 1068 
9} 1] 8 12 [4°43] 5 at 
Io) I pW hs 5 ae 365 
| 1 ] e 10 ° 5 4.09 Shells Gilled with 
191” 2 | enhe ue 9 48 RiL083~ | water 
13} 1 | 8 5#4744} 52 410 
4), Bol) eae 6 ye | 426 Empty shells 
1D albe 5 5 
16) 1} 1 6 j440] 54] 135 | 487 
eG be 5s 61 R| 460 Oaken balls 
18; 1 6 T 8 R| 567 
19)". ee not | found 
20) 1 | ®@ 72 5z | IR} $11 Piha ih 
; ‘ bel As ed over wi 
21; 1 c: 5 5 BR) 364 325 whiting, to 
22; |] 15 5 L 80 300 mark the fall 
23| 1 62 Bey 58. .| 366 | 
24; 1 6 6 iL 105 | 396 4Q3 {Ditto without | 
25) 1 64 130 R| 447 oe 
}26 2 3 Hl: 450 Do. with whitn. 


The diameter of the mortar bore 4:6 inches: its elevation 


was always 45°. 
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About an ounce of water came through the wooden plug 
during the flight of the water shells.—The side deviations, 
to the right (R) and. left (L) of the line of direction, with 
1 oz of powder, were little or nothing in the heavy shot; 
but those of the light ones were very great.—It seems thie 
resistance was much greater on the paper ball when its sur- 
face was made rough and uneven with the whiting. 

In the heavier shot, it appears that the range is — 
tripled with the double charge of powder. 


131. Abstract of the preceding Experiments of 1787. 

By collecting now together the medium results of the 
three days experiments, of September 11, 12, 13, of this 
year 1787, are obtained the following medium velocities, 
of the balls of 2 inches diameter, and 18 oz weight, as dis- 
charged from the gun n° 2, with 2 oz and 8 oz of powder, 
when striking the pendulum at the distances expressed in 
the first column. 
Experimented Velocities at the 


following distances. 
Velocities with 


Velocities for other distances, de- 
duced from tbe former. 


Velocities with 


Dists.| Dists. 


a ORGY 1: Lee Oru “GAS Om NL. 2S Oeene 
“feet | feet feet “feet feet Teer ae 
0 ; 0 |1740-.. | 990 
30 | 1702 971 || 60 | 1667 “| 953 3 
90 | 1632 7 | 934 57 | 190)1597 | 919 3 
15011553 79 | 904 2° | 18011530 © 1 ggg 2 
210|1492 ©! | 876 2 || 2940] 1466 ®* | g59 7° 
30011400 9? | 934 47 || 300! 1404 © | 83a 2” 


The first of these two tables shows the collection of ex- 
perimented mean velocities, with which the balls struck 
the pendulum, at the several irregular distances set in the 
first column ; the 2d column shows the discharges with 8 oz 
of powder, and the 3d with 2oz. The second table may 
also be considered as experimented velocities, with similar 
charges, for the several regular distances in arithmetical 
progression, having the common difference of 60 feet ; 
being derived from the former by interpolations. Also, the 
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annexed differences of the velocities, in small figures, show 
the velocity lost by the balls, in passing through 60 feet of 
air, or the difference of the distances in the 3d column. 
Now, to determine how much the resistance of the air is, 
to the several velocities, by which the said decreases in the 
velocities are produced, we may proceed as follows: Put 
$ = any space passed over in the time ¢, v the velocity in 
the middle of that space, and v’ the velocity lost in passing 
over that space ; also r the required force of resistance ; the 


weight of the ball being denoted by 1. Then is ¢ = — 


nearly ; and 1 : ¢” :: 32 : 32¢ the velocity generated or 
pe hs it gravity in the time ¢; therefore 32¢: 0'::1:r 


v 


== 3 — the force of resistance, in comparison with gra- 


vity; viz, it is-— times thesweight of the ball, ‘Then, 


34s 
taking s = 60, the space passed over, v = to the several 
means between the velocities in the second columns, and 
v’ = the several differences between them, we have the 
following resistances, in ounces, to the ball of just 2 inches 
diameter, and 18 oz weight, with their corresponding velo- 


cities in the first column. 


With 8-0z of Powder. With 2 oz of Powder 
Veloci- | Resist- Ist 2d Veloci- | Resist- Ist 2d 


ties ances | diffs. } diffs. ties ances | diffs. | diffs. 
feet ay Y feet Oz 3 

1703 | 116524 972 | 328 

1632 | 1071 an 5r 936 | 2982 ae D 
1563 | 982 pa 5 904 | 27] ost 2 
1498 | 898 |7. | 6 873 | 2454 oa | 12 
1435 | 820 845 | 2212 
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THE PENDULUM EXPERIMENTS OF 1788. 


The object of the following experiments, is again to find 
the resistance of the air, by discharging the balls at differ- 
ent distances from the pendulum, and so showing the velo- 
city lost at each distance ; in order to connect with those 
resistances, to slower motions, that have been deduced from 
experiments made with the whirling machine, in the Aca- 
demy this year ; and some former years. 


132. August 6, 1788. 


Barometer 30°17; Thermometer, 64°. 


Noe | Pow-| Ball’s | Dist. Vibrat| Point Plugs | 


der wt 


OZ} OZrr-d¥ 


1) 2116 92 
oie ira 
Sie? 103. 
4) 2 132 
b) » Solr ag 
Ghos 81 
aio Sipare 102 
a * 
ai! 2 It 

1IDt” 2 4 

1]; 2 10 

12; 8 102 

13) 8 us 

14; 8 2 

15; 8 82 

16; @Q 11 

17| 2 6 

i8| 2 1 

19; $ Sz 

20! 8 155 

21; 8 124. 

22) .8 6 


gun 


60 


120 


pend. 


struck|] wt 


inches 
S6°7 
89°2 
89°l 
91°4 
92:0 
90°9 
91°4 
S5°4 
85:4 
842 
87°4 
90°3 
90°4 
85'0 
88'°8 
89°7 
89°0 
88°5 
95°8 


) | 90°3 


90°9 
90°0 


S&S Ww —o 


UW ROH WH HWWWHE HH OW ROL : 
Oh eb POMPOM EHO Of GP & 


N 


Values of 


E 


ib 


863°2 
864°3 
$65°5 
866°6 
$67°8 
869°0 
S70°1 
871°3 
372°4 
873°6 
8748 
875°9 
877°1 
878°2 
879°4 
880°6 
881°7 
$82°9 
884°0 
S85°2 
S86°4 


Weather cold and cloudy. 


__ |Velocity | 


| g 


inches 


862°0 | 79°0 


° 


79°] 


of bail 
feet 
840 D 
882 
884 
864 
1573 
1620 
1568 
793D 
833 
872 
844 
1633 
1550 
1483 
1550 
825 
869 
837 
1555 
1554 
1450 
1480 


Besides these 22 rounds, two others were fired, which 
‘missed the pendulum. At beginning this day, the pendu- 
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Jum weighed 862 lb. Its centre of gravity was at 79 inches ; 
and its medium vibrations were 40% ina minute. The gun 
was n° 2. The mean weight of Batis was 16 0z 10dr, and 
their diameter 1°965 ehfes —The mediums of these sets of 
velocities, with 8 oz and 2 oz of powder, and at the several 
distances of 30 and 60 and 120 feet, are as follow: 


With 8 oz one 
1587 at ‘30 Fest distance 877 
1550 at 60feet - - 850 
1510 at 120 feet - - 844 , 


133. August 7, 1788; Weather as before. 
Barometer 30°13 ; Thermometer 60°. 

This day’s experiments were a continuation of those of 
yesterday, with the same gun n° 2, and the same charges, 
of 2 and 8 0z of powder, but at different distances from the 
pendulum, viz, at 180, 240, 300 feet distances. 


5 | Pow-| Ball’s Vibr.} Point |Plugs be cna Velocity 
N” | der .| pend } struck] wt p g of bail 
0z | oz e¢ |inches} oz Ib inches} feet - 
1429 116 161979] 3:4| 887°7]79°1} 804 
2ey 2 117 73|90°4] 2°1|888:9} * 814 
$14 G56 -"11{89°7| 1-3} 89071] * 800 
14) 2 117 65 | 82°3| 2°3]| 891°4 799 
5} 8 |16 124} 886] 2°4|892°6| *° |1458 
| 6} 8 {17 135} 93°3} 4°2| 93°38 1466 
7409 116 114] 93°4| 3:11 895-0 | 79°2|1264D 
| 8} 8 |16 133196°41 2°71} 896°3| * 41445 
/ 9] 2 16 71}92°8| 45/8975] + | 787 
10! 2 |16 12198'6| 3°41} 898-7] ° 767 
1g B06 59179°9| 2°21 899-9] + T4168 
12/\2 |16 65}85°0| 4°9| 901°1 805 
13] 8 {16 113/876} 3:1] 902°4 1360 
14] 8 116 121]90°2| 3-419036] * |1376 
115] 8 |16 115}92*1! 2°8}904'S] * {1283p} 
16| 8 |16 1061845} 3°0|906°0}| * -11303D 
117] 2 {16 66}93°9| 1:4] 907T°3 736D 
118| 2 116 65|88'6| 2:0] 9085} ° 786 
9| 2 it7 62|82°9! 2°6| 909°7 7172 
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Besides the above 19 rounds, many others were fired, most 
of them at 300 feet distance, which are not here recorded, as 
they missed the pendulum.—The mediums of these sets of 
velocities, with the charges of 8 and 2 oz, and at the three 


distances 180, 240, 300, are as below.—The medium weight 
of the balls, 16 oz 11°26 dr. 


With 8 oz 202 
1456 at 180 feet distance 804 
1368 at240 - - = = 784 

at300 - - = - 765 


134, August 9, 1788. Weather as before. 
Barometer 30°16; Thermometer 60°. 
A further continuation of the same experiments. 


> | Pow-| Ball’s | Dist.| Vibr.| Point |Plugs Mab of Velocity 
N® | der wt gun | pend | struck} wt p g of ball 
.{ oz j oz dr | feet c |inches} 02 Ib inches] feet 
1} 2 |16 103) 30 68 |93°5} 2°2|910°4 |79°2| 766 
24-2 116.21) . 64/871} 3°5| 911°7 : 175 
aro .jlo.1i |} 61/83°8 | 2°6) 912°9 ; 769 
afoe lio. 107, © | PT2 9G WOOT oles : 1225D 
5 8 |16 10 i 108 | 86°9} 2°4) 915°4 i 1317 
6 8 116 12 " 93/80°6| 1°5| 916°7 7 1224D 
7} 8 {16 11 * |108/92°3) 2°6) 917°9 | 79°3 | 1241 
S| 2 116 11 | 360 66)96°5) 3:3 | 919°2 ' 127 
9 2 Sh 9 Cee 56|82°6| 1°7| 920°4 |'- ° 721 
10}" 2116 91 *. | 621 90'S) 3°0) 9217 | * | 731 * 
Leer ult y °F 62|87°0} 2°0| 922°9 ‘ 760 
12 Sait: 1 Lye 117/93°8) 2°9 | 9242 ; 1332D 
13.48 id GAL Ot ne 95 | 80°0} 2°7} 925°4 *- 444240 
4}, 3 (Galt * | 103} 89:9) 2°4| 926°7 1 Led 
15 8 |16 9 STVSZ2) SO; IY ; 1134D 


Besides these 15 rounds, a great many more were fired, 
which missed the pendulum.—The mediums of these veloci- 
ties, as usual, were as below.—And the medium weight of 
the balls 16 oz 102 dr. 

: With 8 oz 2 07 
1317 at 300 feet distance 770 
1276 at 360 - - - = 735 
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135. Now collecting together the medium numbers, for 
the same charge and distance, of the lest three day’s expe~ 
riments, omitting some that are evidently irregular, they 
come out as below: viz, 


Here it is evident, from the 
With 2oz || Buz columns of differences, that the 
numbers for the velocities are 


60 §50 7! | 1550 22) not far from the regular law 
120, 844 as 1 1510 wii which nature observes; indeed 
180; 3804 20 } 1456 gg} as nearly regular as such expe- 
240 7184 19/1368 5) | riments can well be expected to 
aed oe 30 oe 41| produce. Hence we can easily 


infer, that the velocity at the 
muzzle of the gun, with the 20z charge, was alittleabove 880, 
and with 8 oz about 1640. By making the comparison, we 
perceive that the numbers are all a little less than the corre- 
sponding numbers of last year, owing partly to the greater 
windage, and perhaps partly to the powder losing of its 
quality since the last year ; for it was the remains of the 
same powder as was then used. | 

By making some small and obvious"alterations in the 
above numbers, sometimes adding and sometimes subtract- 
ing a small quantity, the velocities are easily made regular, 
as in the following table, which may be considered as exhi- 
biting the correct velocities with which the pendulum was 
struck at the several annexed distances. The adjacent 
numbers are also subtraeted from one another, to show the 
velocity lost at each distance, from the gun; and their 
annexed differences show the quantity of velocity for each 
20 yards or 60 feet, with its respective velocity.—The me- 
dium weight of the balls, in all the three days, being 16 oz 
10°64 dr, or 162 oz, and diameter 1°965 inches. 
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ae a EY RE SY SO es 
Mean Velocities, &c, at several distances. 


O°. | it SEG SS SS Cet eae | 
Dists {| With 2 02 of powder || With 8 oz of powder 
from 


pend | Sew |e |PH | itck” | ose 
0 | 900} 0 1637 | 0 
60 | 866 | 34 - 1563 | 74 ie 
120} 834 | 66 | 3, | 1493 | 144] ge 
180} 804 | 96 | 5, || 1427 [210] 66 
240| 776 |124| 0. | 1365 |272] 6G 
300| 750/150] 57 | 1306 | 331] 
360| 726 | 174 1250 | 387 


93 


By employing here the theorem at Art. 131, for the re- 
‘Sistances, we obtain the following table for the resistances 


to a ball of 1:965 inches diameter, and 162.0z weight. 


With 2 oz of powder With 8 oz of powder 
Velocity Resistances Velocity Resistances 
feet oz | diffs |2 diffe|| feet oz {diffs |2 diffs 
883 261 25 1600 ; 1030 101 
850 | 236 | 55 | 2 |] 1528] 929 | 4,| 9 
: 319 213 90 3 |} 1460 837 gs 7 
790 193 17 <a 1396 7152 via 8 
763 176 16 1 1336 675 66 il 


738 160 1278 609 
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(36. August 20, 1788 ; from 9 till 2. 


Barometer 29°80; Thermometer 64. 


Began this day a course of experiments with the gun n® 
3, to fire it with a high charge, and several low ones, at 
different distances, to obtain the resistance to as many 
other velocities as can be got.—The pendulum was mea- 
sured, weighed, and hung up two days ago, being a new 
_ block ; but on using it, thought the wood not sound, as the 
balls that were fired, with 16 and 12 ounces of powder, 
passed quite through it, though it was 304 inches in length 
from front to back; the dimensions of its face were 22 
inches deep, by 174 broad.—The weight at first when hung 
up was 824 lb; also the distance of its centre of gravity © 
below the axis was 79 inches, and it vibrated 400 in 10 
minutes.—The diameter of the balls measured from 1°96 to | 
1:97, sothat the medium is nearly 1:965.—The distance of 
the gun to day was constantly 30 feet. 

The balls of n* 1, 3, 4, 5 went quite through the pen- 
dulum, and lodged in the bank behind it ; so that the large 
charges were obliged to be discontinued. N° 19 just came 
out, and n° 22 was picked out again, as it was not far in; 
so that these, and all those that went through, or that 
rebounded back, are not added to the weight of the pendu- 
lum. The balls with 8 drams of powder, viz, n° 22, 23, 
24, 25, penetrated about 3 inches ; and those with 4 drams, 
viz, 26, 27, 28, 29 penetrated about 1 inch, and rebounded 
back again, till they fell on the ground at about 12 feet be- 
fore the face of the pendulum, which they struck at about 
the height of 4 feet; so that they must have rebounded 
from the pendulum with a velocity of about 24 feet per 
second, which of course is deducted from the velocities 
computed from the vibration of the pendulum at those 
numbers, ‘The experiments here follow : 
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‘J 
. ‘ Values of ‘ saat 
no} Pow-| Bay | Vibr. | Point} Plugs Velocity of | Medi- | ' 
der pend |struck| wt p ‘the ball ums 
2 NP RR Re ee 
oz |0Z dr} c finches} oz Ib inches feet feet 
1] 16 |16 11 1188 4:0 
2) 12/- 9 1170/89°:0) 2°3/820°0| 79°0| 1837 
3] 12 11 | 163] 89°1| 3°8 
4| 12 12 |141|87-°8| 2°7 
5} 12 10 | 157|85°5| 3:3 
6} 4 lL | 124) 90-1} 2°9|$21°1|79°0! 1315 
i 4 6 | 120|85°7| 3°9|822°2| ° At Ae 
S| 4 12 | 121/|85°6) 3°2|823°3 1350 
9] 4 10 | 122} 86-9} 2:9| 8244 1353 )] 
10} 3 12 | 108|87°9] 2°9/825°5|] ° 1178 
lll 3 11 |110/87°2] 3°1/826°6| 79-1] 1215 
12} 3 9 |113/86-1| 30/8277} - pelt 1185 
Si 3 9 | 106| 88:7} 3:3 | 828°8 1163 
i4/ 1 9 | 57/}89°6\2 °7|829°9 Dp 620 
15} 1 11 | 59/891] 2°7|831°1 641 
Bh eI 10 | 56/877) 2°1|832'2 p 621(| 945 
rij 1 14 | 60/87°5| 1°3|833°3 658 
18}12dr 9 | 48/1861] 1:0 | 834°4 547 
19) 12 13 | 51/86-5| 2:0] 835°5 569 : 
20] 12 9g | 47/88°4| 1°0/835°5 a 546 
21} 12 9 | 47/914) 2°0|836°6 p 506 
22| 8 12:1} 39/89°8 837°7 421 
23] 8 10 | 43|93°7 1837-7 450 
24 8 g | 44/9371 838-3] - = 449 
25| 8 9 | 43)93°0 839:9| 79°2| 457 
261 4 10 | 27} 78:9 841:0} ° 313 
Q7| 4 9 | 30) 81°8 841°0 339 aS 
98} 4)° 10} 30) 812 841°0 340 
29| 4 hit (80 841-0 341 


The medium weight among all these balls is 16 oz 10°2 dr, 
The distance of the gun was 30 feet. 


Or RE Or ey ee 


a ere 
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137, August 21,1788; from 9 till 4. 


Barometer 30:0 ; Thermometer 654 Continuation. 


Values of 


3 veda bod Pat abbr er bd 
oz dr} feet c inches| oz ~ lbs inches feet feet 
1} 4 | 60 }110] 79:2] 3°9| 838°0 | 79°2| 1363 
2} 4 - 1116}876} 2°6| 839°1 ° 1306 shad 
31 4. - |118|86°2; 4°6] 840°2 ° 1323 i 
4} 4, - 14121848! 2:6] 841°3 . 1301 
5} 3 - | 96186°4! 3:0} 849°4, $ 1088 D 
6} 3 94 | 8474} 1°8| 843°5 , 1092D | 
7 3 99|88:9! 3°8| 844°6 ° evan 1G 
§| 3 104] 92°2} 4°51 945 7 , 1118 
9} J 56 |91°9) 2°5| 846°8 , 604 D 
LO} 1 52 |88°6| 2:6| 847°9 . 583D 
i Bs 60 | 94:0; 2°6| 849°0 | 79°3 ba 
12] 1 611938! 3°41 8501] - 6375} 635 
13\dr8 371941 951-2 . 386D 
14, 8 39 1919 852°3 : 4.21 
{5} 8 33 |91°6 853°4) 4.14 423 
16} 8 40 | 92°5 954°5 . 433 
17| 4 28 | 90-4 855°6 . 290 
13} 4 23 | 82-7 855'6 - |D 259 : 
ig} 4 26 | 85-6 g556| ° |° 285] 287 
120} 4 25|\871 855'6 | * |D 269 
21; 6 33 | 82°5 855'6 | » 400 
221 6 33 183°6 S56°7| ° 376 aT 7st 
931 61 + | 311836 8567! - 37] (2 
F4r 6 i 31 | 84-3 857°8 ; 363 
25! 402112 99 178-1] 2:6) 858°9 | 79°41 1263) 
26} 4 * 1108 |87-9) 3:3] 860°0 |. - 1240 (} so4¢ 
Qi} 4 - 1108 }87°9) 9-2] 861-1 . 1237 mea Hf 
Q8} 4 111 |89°5 3:0! 862:2 ; 1250 
29} 3 94.189°7| 3°0| 863°3 [> > 1068 
301 3 89 |85°4) 3°3] 8644 : 1058 
311 3 911871) 3°41) 865-5 - a a 
321 3 101 |92°5!. 0 | 8666 : 1106 
33} 1 51 184°7! 1°91 864-3 , 607 
B34} J 541861] 3:1] 865°4 . A 613 
35| 1 49 |86°9| 2°6| 866°5 : 582 
36! 1 52 188°5! 2°51 867-7 E 603 
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Pow-} Dist. | Vibr.| Point pee 
der } gun 


oz dr} feet 


120 


The balls at n°*s 17, 18, 19, 20, 50, 51; 52, 53, mostly 
rebounded a little back.—The penetration with 6 drams of 
powder was about 3+ inches.—After the 32d number, 3 balls 
were taken out of the block.—N®° 39 grazed, which reduced 
its velocity very much.—The pendulum now being full of 
balls, and quite spoiled, it was ordered to be taken down, and 
a new one to be prepared. Before taken down, it vibrated 
just 400% in 10 minutes, or for each minute nearly 40°05 
=n. When taken down, its centre of gravity measured 
19°55 inches below the axis, and it weighed 8872 1b. Now, 
in the two days, 

The wt. of the Palls gg 63 Ib But at first it weighed 824 ]b 


lodged was Therefore it lost in 
And the wt. of plugs 73 the 4 days - - i 


Theirsumis - - 742. | This loss is divided among 
Which taken from- $8872 all the days and rounds 
Leaves only - - = 813 equally. 


VOL. Iii. Ww 
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.'The mean. wt. of balls was 16 oz 11°05 dr.—The indi- 

viduals. 1 , 2, or 3 drams over or under the mediums, as the - 
former day. When the block was split up afterwards, to 

gét out such balls as might be whole, it was discovered that. 

the wood was quite sound, and very tough. 


138. September 1, 1788; from 10 fill 2 
Barometer 29°87 ; Thermometer, 62°. 

The same experiments for the resistance of the air con- 
tinued with anew pendulum. It was hung up 3 days before, 
and is 35 inches in length, from front to back. It then 
weighed 10141b; its centre of gravity was 80°8 inches , 
below the axis ; and it vibrated 439 in 11 minutes, or 39°91 | 
per minute, | 


no| Pow-| Ball’s | Dist | Vibr.} Point |Plugs of the Medi- 
der wt gun {pend.| struck} wt p g ball ums 


oz drj oz » dr] feet4 c inches} oz Ib inches} — feet feet 
1] 4 116 15 |180]| 85 |83°4} 2°8 1014-0 808 1216 

2). 4. 10-| * | 85 {89:1} 2:5 5°] i 1182 
3] 4 104) ° J 89 |92°5]} 2:3 64} + |1169 

4) 4 10} * | 82 186:9| 2°7 74) +* 11150p 

5| 3 14] +) | 75 .] 86°35 |°2e7 8°6| © 1042) ]. 

6} 3 12} * | 7548407 97} + |1070 $ {1053 
"1.3 . 81 ° | 141865} 30] 20:9} + I1050 
{ 31 3 114) + | 79 [88:8] 3:0 2:0| + {1083p 

2 1 11} + | 46 [90°3} 2-0 3-2) + | 622 
410} 1 12} ° | 41 [81°71 0°5 43} + | 611 
iif 11 | + | 38 |78°3 5:5| + | 594¢4.01? 
1g).1 f. . 924..* | 40 479°h 66] * | 623 
13idri2} 11 - | 3721 89°6 TS lc ci) ae 
14) 12> TL te eb same 9 8°9 80°9 | 516 (| 51, 
15h ‘19h ToT? = 1°37 7190-2 30'l| + | 507¢ 1° 
16} 12) «104 ° | 36 483°1 13] 0° 1 536 

Fi 2 StL AG 33 192°4 24) + | 442n 

18 14 | © | 28.]86:91 0-2 2:4) = | 393 

is: Sh. OS 30 190°4 3:6] - | 40741 407 
20} + 8) 12 32 |93°5 AT}. + | 421 
91; . 6 1 Q8 }92°5 59} °° | 375 
lea} ~6l 10 24 186-7 atl +» | aap} 359 
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N* 17 and 22 rebounded gently; also 21 came out easily, 
and at the same time took out another.—The mean penetra- 
tion, with 4 oz of powder, was 13 inches; with 3 oz was 
10°9 inches ; with 1 oz was 3°5 inches ; with 12 dr was 2°8 
inches ; which penetrations are nearly proportional to the 
charges of powder.—Took out 2b 10 0z of brokemballs-at 
the end of this day’s experiments.—The wood of this new 
pendulum proved to be véry green and wet, so much so, 
that the water sprang and dropped out very fast, as the 
balls and plugs entered it. The medium weight of the 
balls was 16 oz 11:2 dr, with small variations, nearly as be- 
fore. 


e : ” 
139. September 2, 1188, Experiments Continued. 


Barometer 30; Thermometer 65°. 


Values of . 


Pow.} Dist.| Vibr } Point] Plugs 
Nol der} gun | pend | struck} wt 


eT f x 
p g ball 


cess | eee ese 


Ib inches feet 


oz dr| feet ¢ inches! oz feet 
1 ‘dr 6|180}26 |87°0 1032°2} 80°9 | 370 37 
7 6| 180 | 292 |96°3 oie 
3 \40z)}240)77 184°6| 3°3 
° 6° . = 4 , 
2 gp 8056 1129 


tet ee OS CD OR 


2 
3 
4s 
5 
6 
7 
§ 
~ 9 
10 
il 
12 
13 
i4 
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140. September 3, 1788, Exper uments Continued. 


Barometer 30 ; Thermometer 65°. 


; : ‘ Values of ; 
pe Bowe] Dik Wi ein Pee) | veto of tim 
oz | feet ¢ jinches| oz tb linches feet -} feet 
] 4 |}300} 83 |95°8! 4°7 |1044°8) 80°9 1086 
24 4 ¥ 16.4:8:0:34; 3°2 6°0 78) 1076 1077 
3 4 “f 80 194°5| 4:6 7°1/81°0 1069 
4 4 ° 72 |82°9| 4°] SS 1077 
5 3 5 66 |87°5| 4:1 9°4) 947 
6 3 712 }94°8| 5°5 50°61) ° 95] i 956 
| 3 ° 63 |81°7| 4°0 1°7 970 
8 39 59 | 79°5| 3:0 2°9 938 D 
9} 4 |360/ 70 | 83:6) 5°4 4:0 1050 
10 4 71 87°9 6°5 soos Ti D 1008 1034 
ji] 4],.° $5.79 9 95-0 6°1 Oto * Bo 
12 Ai ° 715 +.91°7 | 4:4 i ee ae 
13} 3] * 1:63 188-9] 3:4 8°6}) ° 894. 
14) 3) * 760 {Sil} 4:5} 9°38] * 954 on 
if 3 * $63 |[85:0| 3°4 60°9; ° 934 P 
6% 3 


65 [87-5] 3:21 Ql: 962 


N™ 12 and 14 grazed very lightly before they struck the 
pendulum. And, yesterday took out 3 balls, viz, n* 2, 9, 
13.——After the experiments this day, both the front iad 
back of the pendulum were ec! with sheet lead, each 
piece being in size 222 inches by 172; and the two toge- 
ther weighed 41 lb.—The mean weight of the balls these 
ne days, was i6 oz 114, dr, with small variations, as be- 
ore. , | 
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141. Sept. 4, 1788, from 10 till 3; Experiments Continued. 
Barometer 29°82 ; Thermometer 74°. 


. . : Values of 
N° | Pow-| Dist.]Vibrat} Point {Plugs PET: Velocity |\ediums 
der {| gun | pend.| struck} wt P g of ball 
oz | feet ¢ |inches} oz Ib inches feet feet 


1} 16 | 360} 92 }82°8} ~~ {1104°2181°2] 1483 
2} 16 * 4105 |83°1) 5:2 5°4) ° 1681 
3} 16 > 4.97. |\90°0 |. 6°3 6°5; ° |D1425 
4) 16 “pt. 9T 1 I1°O} 6:9 PET esol DSO 
5} 12 * | 89 |80°5} 4°8 oO he 1476 
6 
7 
8 
9 


(ers teed 
On 
co 
bo 


12 wTOU YT opUT ao, LOT. 3 1512 


12 ~wetOS 1 93°79 1,.6:5 aeTHe ** 1487 
12 1 SS | 90° 6:9 2°3) ° |p1414 
10/ 16 * | 99 185-4} 4:0 4°6} ° {p1522 1648 


11) 16 | °° 4t02 [83°68] ~ ST]. + | G45 
12) 16 | + {104 [8i-7]11-0| 69} + | 1685 
13] 12 | + j101 1823} 9:1} 80} + «| 1652) 


16 | 300j{109 | 89°9}1 1-7 34) ° at 


15] 12 | + 1110 |92:0| 5:8} 20-3]: 1584 >| 1572 
16} 12 f 92 |81°5| 6°9 Ove, § 1530 
17} 12 | - | 93 [82-3] 5-2} a6) + | 1521) 
18) 16 | 240j106 |81°4| 8-3 Sot ies 1781 
19; 16 eer Tier ora TO 4°99) ° 1645 
20| 16 | * | 92p/89-2| 8:4} 61] + |p1404 pj 1713 
21; 16 | - | 86p/82°9| 8-8] 7-2} + |p1397 
22' 16 * { 92D181°41' 9°9 8:4! * |DI524 

The ball n° 14 grazed thescreen. At n° 12 the vent of the 
gun began to run or melt, and was much widened at the end: 
—The last three numbers are very doubtful, and evidently 
too smal], perhaps owing to the balis striking other balls 
within the block, and changing their direction there. The 
mean weight of the balls was 16 oz 10°86 dr.—After these 
experiments, the pendulum oscillated 399 in 10 minutes: 
being now full of balls, and much rent and shattered, it was 
taken down, to be replaced, and balanced and weighed, 
when its weight was found to be 1130 |b, and its centre of 
gravity was 81°2 below the axis.—The number of balls, that 
had struck the pendulum, was 74, aad 


# 
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Their whole weight was - 77 lb; of these there. . 
Rebounded or took out 93 = 10 

Wt. of balls remaining - 67 a 

Wt. of plugs added -  - 8 

Wt. of lead added - - -~ 41 

Whole weight added - - 116 

Wt. atifigst {oro 5 2 ae 10 Te 

We.iat Waist AS) So 86 


142. September 15, 1788; from 10 till 35. 
Barometer 30°09 ; Thermometer 60°. 


Powe Dist. |Vibra,-Point | Plugs| 2"! | -Welocity tarcainms 
der } gun Bee ae wt p g of the ball 

oz | feet c inches} oz lbs nehes feet feet 

16 | 30 | 100| 89°6| 10 11370 | 81° |p 1855 \- 

- | * | 112/885) 8 1}. * | 2100 | 
118/906} 8 Sh itans 2143 | 
11518771 9 | 4 2202 ¢ | 2088 
108184:8| 14] 6 2133 | 
- 1405183°8! 17 7 2093 J 
60 | 92180:4| 12 9 p 1929 } 

- | 98181°9| 71 80 2040 
1061898! 16 2181:°2| 2010 }| 1974 

‘ 105{ 919) 14 3 p 1920 | 

- 1107/91°9] 15 5 ibie} 

120}103}91°0| 14 6 1899 } 

° - 1102)83°4| 14 8 D 2071 | 

: 98|86'1! 16 9 1935 

3} 91 ( 1896 
96}88'4) 16 2 1839 } 
; 97185°5| 9 4 1913 J 

- 1180} 95/881) 8 5 1825) 

: - | 88190°9| 13 7 D 1643 
101}91'2| 14 8 1855 
105'90'1| 15 11400 1953 } 
g2}945| 41] 4 p 1653 f| 178! 

: 87185°7| 11 31813) 1745 

. 17187°71 10 4 p 1507 

> |} $818481-10 6 1792 

240| 92}188°0) 13 Wy Wiwe 1808 } 

| 88joua) 11} 9 1643 | 
95189°2; TI 10 1819 p| 1741 
831387: | 9 2 1623 | 
96189" A 3 akc 
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These experiments were performed with a new pendu- 
Jum, of 50 inches in length, from front to back, consisting 
of two pieces of elm firmly jointed and bolted together, that 
its length might bear the great charges of 16 0z of powder. 
It was hung up two days before, when it weighed 12 cwt 
1gqr 51b, or 1377 Ib, and the distance to its centre of gra- 
vity was 81°3 inches. It oscillated this morning 395 in 10 
minutes, or 39°5 per minute, and at the end of the experi- 
ments it oscillated the very same ; but its centre of gravity 
was now found to be only at 81+1, being 0-2 less than before, 
whereas it ought to have been the contrary. »In this doubt- 
ful case, I have taken 81:2 for the middle, with 01 less for 
the beginning, and 0:1 more for the end.—The number of 
balls lodged is 30, and their weight is 312]b, which is on 
an average at ns rate of 16 oz 10°7 dr chek : their mean 
dtvesier| 1°96. Now, 


Weight of balls lodged - - . 312. 1b 


Weight of plugs - - - - P1e. 

Weight of pendulum at first 1377" 

The sumis - - - - = 14293 
Weight at theend - - - 1413 

The difference is - - - - 163 


‘This great loss of 163 lb, Tam at a loss fully to account ~ 
for, especially as at. was no loss at all in the preceding 
pendulum. The w ood was very green and wet to be sure, 
and the pendulum hung up for 3 days before it was weigh- 
ed; besides, some small pieces flew out by the stroke of the 
balls, as well as some of the facing of sheet lead. So 
that there is reason to suspect an error of a few pounds had 
taken place on the first weighing. On all these accounts [ 
have mate the weight at the end of the experiments to 
‘be 1415 Ib, and at the beginning of them 1370 lb, and 
divided the difference, 45 lb, equally among the 30 rounds. 

The medium weight among all the balls, in the 7 days 
experiments, has been 16 oz 10°88 dr = 16°68 0z: Now the 
diameter answering to this, found from the proportion of 


~ 


% 
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the 18 oz ball being 2 inches, or the 9 lb ball being 4 inches, 
is 1°95; for Y15 : y1668 :: 2: 1°95. But, by measure- 
ment, we commonly concluded the mean diameter to be 
nearly 1°96 or 1°965, a very little more or less. 


143. September'25, 1788. Barom. 30; Therm. 57°. 
Experiments with 3 pounder guns. 


Ball’s | Dist.| Vibr. | Point |Pene- yeeee Velocity 
N®| der wt gun | pend | struck} trat. D e of ball 
oz | oz dr | feet ¢ Ib inch feet 
1} 4] 49 4} GO |101 1483-8! 74 41421°0 [82:10] 710 
Aah abititeies Wiaaia b 2c 24-5] *12| .773 
3] 4 Q7'9} *14]) 695 
4) 4 SLA 16); 771 
5| 4 34°8 17 720 
6} 4 S995 1 1S TOS 
7} 16 41°8| *21} 1614 
8} 16 45°2| °22)] 1354 
9} 16 43°7 24} 1580 
10} 16 52°] 26) 1341 
16 55°6] °28) 1574 
Y1¢ 16 59°11). *29| 1300 


These experiments were made with two 3-pounder brass 
guns, the one very long, and the other short, fired alter- 
nately, first the one and then the other, and each of them 
both with 4 oz and 16 oz of powder ; to find the effect both 
ot length of gun, and weight of powder. The balls were 
all exactly of an equal weight and diameter, viz, 


Weight of balls - - - - - - = 3 lb 1 0z 4dr 
Diameter of ditto - - - - = - 2°84inches 
Length of bore of long gun - - - 69 inches 
Ditto of shortgun - - - - - - ©34zinches 
Distance of pendulum - - - - - 60 feet 


Weight of pendulum 6 days before - 1426 lb 
Centre of gravity then, at- - - - 81°75 inches 
Oscillated then 397 in 10 minutes | 

Wt. of pendulumafter the exper. - 1462 1b 
Centre of gravity then at -~ -~ »= = 82°63 

And oscillated 396 in 10 minutes. 
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Mediums of Velocities. ‘ 
Short Gua 

4 0Z 16 oz » 402 | 160z 
708 | 1332 781 1589 ” 
Weight of pendulum 6 days before - 1426 Ib 
Weight of balls lodged - - - - 37 
Weight of plugs - - - - - - - 42. 
Sum- - - - « « - - oo 14674 
Weight of pendulum at the lie - = 14624 
Weight lost in the 6 days - - - - 5 


As the weight, 414 1b, of the balls and plugs, will 11 otly 
change the centre of gravity 2; inch, some small error must 
have been made in the two measurements of that centre; I 
have therefore taken a mean between them.—It appears 
that the velocities, with each, are nearly as the square roots 
of the charges, but more nearly in the long gun. The long 
gun has the advantage by about 7, in the small charge, and 
by about + in the high charge; which advantagesare again 
as the velocities, or as the roots of the charges.—The mean 
penetrations, with the 4 oz charges, are 71 and 10 inches, 
or nearly as 2 to 3, which are nearly as the 4th power of 
the velocities, and also nearly as the square roots of the 
lengths of the guns. , 


Long Gun * 


144, It will now be proper to collect a summary of the» 
preceding seven days experiments, with the 1-pound balls, 
and the gun n° 3. Now these experiments have been made 
with the following nine varieties of charges of powder, viz, 
160z, 1202, 40z, 30z, loz, 12dr, 8dr, 6dr, 4dr; the 
charges of 8 oz and 20z having been omitted this year, as 
these were pretty amply made in the preceding year 1787. 
The medium velocities, for each of these charges, with 
which the balls struck the pendulums, placed at the several 
distances of 30, 60, 120, 180, 240, 300, 360 feet, when col- 
lected and ranged in columns under their several charges, 
and on the lines of their respective distances, will be as here 

- exhibited in the following table. 


¥ 


Dists. 
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~ 


Table of Experimented Medium Velocities. 


feet 16 oz 12 oz 
30 | 2088 | 1837 
60 | 1974 
120} 1896 
180; 1781 
240 | 1727 
300} 1648 | 1572 
360} 1582 | 1492 


U 


4 0z 


1346 


1324. 


1248 
1182 
1129 
1077 
1034 


3 0Z 


1185 


1110 
1072 


1053 
1008 
956 
936 


1 oz 


645 
635 
613 
612 
602 


12 dr 
546 
544 
523 
518 


4 dr 
309 
287 
2717 


Now, there being evidently, and indeed unavoidably, 
certain small irregularities among these numbers, in each 
column, by making among them some small corrections, by 
adding or subtracting, as the terms may appear to vary from 
/ a general Jaw of progression ; and also reducing the series 
to commence at 0 instead of 30 feet, that the distances may» 
all have the same common difference 60; then the more 
regular mediums will be as below: 


3 il 
Dists| 1602 
O |} 2100 
60 | 2005 
120; 1914 
180; 1827 
240! 1744 
300; 1665 
360{ 1590 


Table of the Regular Mean Velocities. 


12 02 
1984 


1569 


1499 


4 02 

1360 
1300 
1243 
1189 
1138 
1090 
1045 


3 oz 
1203 
LTS. 
1102 
1056 
i013 

973 

936 


1 oz 
662 
641 
622 
6.06 
590 


[2dr } 8dr 
557 | 450 
5431437 
530 | 425 
518/414 


6dr] 4dr 
302 
381 {292 
370 | 283 
360 


Then by applying the theorem in Art. 131, viz, 7 = 


vv 
325 


ry. Uv 
~ 1920 


6, for resistances, to these numbers, we shall 


obtain the following table of resistances, in ounces, to the 
corresponding annexed velocities in feet, as derived from 
the preceding experiments with the several charges of pow- 
der, viz, 1602, 80z, 402, 20z, loz,-12dr, 8dr, 6 dr, 
4dr, reduced and adapted to a ball of 2 inches diameter, 


and to 30 inches of the barometer. 
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Velocity |Resis'{ Diffs. }2 D tis) These numbers, though not per- 

4 FO a a fectly regular, must at least be, 

S 287} 221 very near the truth, as appears by 

= 2974 25 3 the uniformity of the two orders 

o oa 32 7 Y sei of diflerences, which are quite suf- 

= 376] 36 | ficiently regular, in each series of 

Fi ts 40| the numbers with the same charge 

eit vi i 1 | of powder, and leaving only some 

_ 7 doubt about the point of unifor- 
S. sant er} .°h 0 mity in passing from the series 
Piecolre7|. © with one charge to that for the ~ 
598) 18] next charge ; which doubt will be 

- 614) 91] 4 1 cleared up, and the deviations from ~ * 

N 632} 105 15 l regularity corrected afterwards, 

| 6524 120 when we come to construct the 
Lin ie 16} curve of resistance, from the num- 

aw baltiog 18 5 bers furnished by this table. The” 

2 3191 214 20 9 number of these terms might have 

850! 236 ry 3 | been greatly multiplied, by tak- 
883! 261 ing many intermediate terms, a 
Sor bs ,and 
955| 300 .,. |. thence computing the resistances 
ai d8) ea 42 4 at much smaller intervals of velo- 
ef o19 Bi 45) 3 cities; but the annexed number ~ 
1127! 480 ° 3 will be found quite sufficient, be- 
1177} 622) °7 ing every one of those computed , 

T0681 418 Va for the medium velocities at the 
79: Fe sil 4 middle of every 60 feet of distance, 

a ne pe 5S : between the successive intervais 0, 
1216) orl} 59) {| 80) 120, 180, 240, 809, S60. 
1330! 693 63 It was not found practicable to 
1278) 609 carry on the experiments at dis- 
1336| 677 B 8 tances beyond the 360 feet, on ac- 

21396! 753 sy g | ‘count of the uncertainty of hitting 

§1460! 837 i 8 the pendulum properly so fi . 
Ug Epes 92) 5 properly so far off, 
160011030 101 very many of the balls missing en- 
abT ARO tirely, or ‘striking it towards the 
170511170 hi 3 edges, there breaking the iron 

~1786|1288 ys 9 bands, and demolishing the appa- 

eee ae agin ratus. Neither was it practicable 
; 550} +34} 9] to employ, in this way, less 


2053 |1694 
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charges than that of 4 drams of powder; because with a 
Jess velocieny the balls would not lodge in the wood, but 
made a small perforation, and rebounded back again. How- 
ever, the resistances to all the smaller velocities we shall be 
afterwards able to supply, from the experiments that we 
have made with Mr. Robins’s Whirling Machine, hereafter 
to be related ; by which means we shall find the two kinds 
of experiments uniting, and forming between them one 
general and uniform series. Besides the few small irregu- 
Jarities above mentioned, some slight deviation from per- 
fect accuracy may patibly arise from employing for the 


velocity v, in the theorem r = soa00 the mean between 


the extremes, or first and last velocities, at every 60 feet 
distance, for the constant velocity on which the resistance 
is made, as due to that velocity. 

145. But now to examine what degree of approach to 
uniformity the foregoing series of resistances possesses, let 
us construct the curve, called the Curve of Resistance, 
taking for the abscisses, the numbers denoting the resistances, 
and for the ordinates the correspondent velocities. ‘Thus, 
in plate 2, draw the two indefinite lines aB, AC, perpendi- 
cular to each other. From any scale of equal parts, set 
off from a, upon AB, the series of velocities of the first 
column, increasing from the top or smallest, to the bottom 
or largest. In hke manner, set the correspondent resistances 
upon the line ac downwards. Then from every pair of 
these terminating points, draw lines parallel to aB and ac, 
and the intersections of these will be so many points in the 
curve of resistance ; through which the curve may be drawn 
with a steady hand, or by a thin pliant slip of card paper 
bent round by the points; then the regular curve is also 
easily drawn, as is here represented by the continued black 
curve line Ap, from which the experimented curve dif- 
fers only in two or three parts, by the smallest percepti- 
ble variations. i 

» Now, from this regular curve, by measurement, we can 
easil¥ deduce a more accurate series of numbers, for the 


+ ‘ 
ra 
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resistances, than the experimented one, adapted to any uni- 
form series of velocities. Thus, to adapt a series of resist- 
ances to a series of velocities for every 100 or every 50 feet of 
_ difference: dividing the line an into equal spaces of 50 feet, 
and from the points of division drawing lines parallel to ac, 
cutting the curve in as many points £; then the perpendi- 
cular distance of these points x, from the line az, will be 
the correspondent resistance EF; or drawing xc parallel to 
AB, then ae will be equal to the same resistance, due to 
the velocity ar or GE. Thus, 
Velocity| Resist. | Diffs. J2Difts] by a nice measurement, and 
altering thenumbershere-and- 


me ee 


feet od there by only a unit or two, 
300 | 25°8 20°7 is obtained the annexed table 
400 | 46°5} 54.9) 72| of resistances, for a ball of 2 
500 14°44 | 82) . 
600 | 1105 | 25°} o-4 inches diameter, on every 
700 | 1560 | 7° |10°5| 100 feet of velocity, from 300 
800 | 212°0 sides 12°3| to 2000 feet velocity. 
900 } 280°3 ine 13°4 From this table, the resist- 
1000 | 362°0| 9 4.9|13°2| ance due to any given velo- 
ae Ee 107°5 18 city, or the velocity due to 
1300 | 683:3| 1189} 9-3} any given resistance, may 
1400 | 811°5 L2ore 4-4| easily be derived, either by 
1500 | 947°1 vee 4°2| inspection or interpolation, as 
1600 {1086°9 | 1 ).-| 1°T| well for any other ball, as for 
nae 1 14.0°2 P at this ball, of 2 inches dia- 
1900 1505-7 | 13711}_5.5] meter, by stating the resist- 


2000 11637°g | 192"! 


ance to be as the square of 
the ball’s diameter, as it is 
nearly. Many other properties and uses may be derived 
from this curve and table of experiments, which it will be 
more proper to advert to after the remaining experiments 
have been stated. 


z 
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OF THE EXPERIMENTS IN 1789. 


446. The experiments projected for this year, were of 
various kinds, with cannon and mortars, both with the bal- 


«2 > * % 
jistic pendulum, and discharged at elevations for the ranges. 


The few 3-pound balls that were discharged at the ballis- 


‘tic pendulum, at the conclusion of the last year’s experi- 


ments, gave reason to hope that the pendulum might be 
able to bear that size. of balls, and that, by enlarging its 
dimensions, it might even bear the shock of bails of a still | 
larger size: it was therefore resolved, that the experiments — 
of 1789 be prosecuted with balls of 3lb weight and up- 
wards. Accordingly two very large pendulum blocks were 
prepared, and a proportionally strong apparatus of iron to 
bind each firmly together, and to suspend it, the whole 
amounting to almost a ton weight. 

Two guns were also prepared, a long and a short 3- 
pounder, of exactly the same calibre, and the bottom of the 
bores also alike, being both a hemispherical cavity. The 
diameter of each bore was 2°94 inches, the length of the | 
longer being 693 inches, and of the shorter 40 inches. 

The chief object was to obtain the measure of the air’s 
resistance, which it was proposed to determine by discharg- 
ing the balls at the pendulum from different distances, ob- 
serving how much velocity was lost by moving through so 
many feet of air, and aiso by projecting them at elevations, to 
fall in the river for the corresponding ranges. Several other 
collateral objects were also attended to in the progress of the 
experiments. 

The states of the barometer and thermometer were taken 
every day, as usual, to judge of the effects of the weather 
on the powder, and on the resistance of the air to the balls. 
The powder, in the experiments, was put inte thin flannel 
cartridges as usual; and it was first proved every day by 


Je. 
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* 
my new eprouvette, which is so correct as to show any Yop 
minute differences in its strength. , 


. 


147. October 13 and: 14, 1789. 


Employed these two days in weighing, measuring, balaife- “ 
ing, and suspending the first new pendulum. It was of 
‘sound, dry elm; and its dimensions Were, 54 inches in length, 
from front to itl and the face or end 24 inches deep, by 
‘18 inches broad : the balls to be fired as ‘usual i in at the ends, 
in the direction of the fibres, first one end, and then the 
other. Its weight, with the spear, was 1655 Ib; the centre 
of gravity at 77°3 inches below the middle of the axis of 
suspension. And it oscillated, in small arcs, 399 times in 
10 minutes ; which gives n = 39°9 or 40 nearly. ° 


i : 
148. October 19, 1789. Cloudy air. 
Barometer 29°64; T REE UG 


Fired only 6 rounds this day, viz, 3 with each gun, first 
the short gun, and then the long one; the muzzle of each 
being at $0 feet distance from the fhe of the penduluth. 
Every charge of powder was 16 0z; the weight of every 
ball was 2 lb 15 oz, and their diameter 2°78 inne 


rt 


Values of > 
ne Vibr.}| Point |Plugs | Penet _| Veloce. 
pend |struck } wt ball p g Mediums 


e inches} oz |inches Ib | inches | - feet, 

1} 184) 91°0 23°6 1655 77:3 

2/181} 89°4} 10 58 3 | red 

3} 178:| 86°3| 10 60 ge é 
4;212)|89°7| 7 63 *4e 

5} 200) 86:9} 5 |29°3] 65 | “4) > 1584 

i 61201) 85°71 42 69 “4 
is a * 
e 
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: 149. Oct. 20,1789. Fine weather. $ 
Barometer 29°82. 


‘The first 3 rounds this day were made with the short gun, 
firmly blocked up behind, to prevent its recoil entirely, to 
try if that would make any difference in the velocity. The 
remainder were made with the long gun, at different dis- 
tances. And in all other experiments the gun was permit- 
ted to recoil. ‘Three trials with the eprouvette gave seve- 
rally 30, 35, 32, the medium of which is $21. These were 
three discharges with my new eprouvette, (to be described 
afterwards) used bere and in the following experiments, to 
show the uniformity of the powder, 2 oz being fired each 
time, put into flannel bags, at least till. otherwise noticed, 
The divisions are from the scale of chords, marked velocity, 
which shows the proportional strength of the powder, when 
fired without a ball. The balls, in all the fifteen rounds, the 
same as before, viz. weig!it 2lb 150z, and 2°78 inches diame- 
ter on a medium; the charge of powder always 16 oz. 


Values of | 
no | Dist.| Vibr| Point} Wt |Penetr|_ "| Velocity 


mediums 


189 } 388-0 


feet c finches inches 
1} 30 |} 165}83°2 30°3 
2) 2 19 tere 
3} ° | 174] 89°4 
4| 80 | 182 | 80-7 30°5 
5} +* {168 | 78-9 
61 ° F196 1\91°9 29°5 
71130} 186 | 83-2 
8 ° 
i) 


> 12021943 27°0 
101 180] 186 | 90-0 
1l{ + |188]90°7 
12] + |183]89-0 
13 | 230] 176 | 86°5, 
14] + | 165] 83-2 


d5| * 11784 88°5 


OZ 
7 
5 
8 
7 
4 
6 
8 
7 
9 
8 
8 
8 
7 
| 
8 
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150. October 21, 1789. Fine weather, 
Barometer 39°55. Long Gun. 


lprouvette 30, 32, 35, medium 324. The powder in 
bags. Thecharge 16 oz. The balls the same as before. 


Peneti Values of Veloc 
ball [ri on imacdiums 


Point | Wt 
strack plug 


Dist | Vibrat 
pend} pend 


feet c inches! oz Ib tuches| feet ° 

11} 330} 159 84°0} 9 1712 | 77°8 

Ze 4 165. p | 93°0 | .9 | grazed 15 *8 . 

3 174 [925] 9 | WH iiaeee 
14° 158 84°6} 9 29 8 

5|}430/ 168 | 949] 7 ea °3 ] ¥ 

6| ° 154 88°6! 8 25 9 1227 
7 172 So" S 1 9 } 28 "9 ) 


151. October 22, 1789. Cold and Clear. 
Barometer 29:97; Thermometer 58. . 


The long gun. Medium of eprouveite 30, powder in bags. 
Charge of powder 8 oz, and balls as before. 


ino | Dist Vibrat | Point | Wet {Penetr Values of 
pend | pend jstruck | plug | ball 


| 
| feet e inches! oz } inches tb 
| 1] 30 |} 133} 862) 4 1731 
: 24-43 1351895) 4 | 160 34 
3y 132 | 86°3) 5 36 
| 41 80 | 124 | 83-7] 6 39 
'5t-* | 1971858] 4” 42 
'el| - | 138/893] 65 AA 
71130] 135 /}92°3] 5 4,7 
8 140 |97-70| 5 50 
9| : 128 | 89°1| 6 52 
10} 180} 1191849} 5 55 
ny - 1 121 |82°8] 4 58 
lis * 1-128 188-31. 5 


61 
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152. 
Barom. 30; Thermom. 58. 


+ 


TRACT 34 


October 23, 1789. Fine weather, 


Long gun. Medium of eprouyette 30°8, with the powder 
in bags. The charge of powder 8 oz. Balls wt 2lb 1502, 


diameter 2°78. 


ed 


o| Dist |Vibra | Point 
pend |pend |strack | plug 


feet ec finches} oz 
1] 230/115). 83'S 5 
2 * J119/83°8t 4 
31. : 1 105 (A835 5 4. 
4133011101 86:6! 4 
ro) fe Ae 107| 85°2| 4 
6} ° 41104) 7Toame 
714301110) 878) -5 
Siete 1021843 4 
9 102 | 825 0 9 


153. 


Wt 


Penetr Values of Veloc 
ball P g mediums 
| inches Ib inches | feet < 
16°5 | 1763 | 78:2 ! 
66 °"21¢960 
15°4 69 2 
Tt "2 
74: "2|\ ¢ 924 
17 3 
80 25 
82 °3 We 902 
85 mat 


October 23, continued: 


The following rounds were made with a 6-pounder eun. 
The ball’s diameter 3°48, and weight 5lb 1302; gun’s dis- 


tance 80 feet. 


No Pow-|/Vibra|Point 
der 


inches 
15.7 | 86°6 
169.| 85*4 
158 | 87°6 
201 | 85:9 
260 | 948 
262.| 92°8 
295 | 90°3 
290 | 94-0 


onal & SP OO NWN — 


% 


Values of 


Wt 


pend |struck} plug 


OZ 


7 


P 


Ib 
1788 
93 
99 
1804 
09 
15 
20 
26 


Veloc 
| g mediums 


| inches jf eet 


1m 3 703 


“<a 
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4 
154, October 26, 28, 1789. 
a2 


The pendulum now oscillated 401° times in 10 minutes, 
which gives the value of 2 = 40'1, or nearly 40. Being 
quite spoiled, it was taken down, and found to weigh 1831]b. 
Now, the 


& 
Ib 0z 
Wt of balls lodgedis 191 11 1831lb weight now, 
Wt of plugs ditto 21 14 1655lb weight at first 


at of pend. at first 1655 0 


| 65) 176 ( 2°7 is the mean in- 

The sum is - 1868 9 | crease of weight to beadded 
Wt now found, only 1831 0 | for every round with the 3- 
pounder, and double thesame 
with the 6-pounder, to give 
the several values of p. 


Thereof lost by eva- 
f 37. 9 


porationand splinters 


é 


Now, for the values of g: because 5985°3 is the sum of the 
distances of the points struck by the balls, below the axis, 
and 65 the number of them, counting the 6-pounders twice ; 
therefore ; 

65 ) 5985°3 ( 92°1 gives the mean point struck, 
and 77°3 is the centre of gravity at first 


theref, 1831 : 176: : 14°8 : 1'4 change in the centre of gra- 
vity 77°3 its place at first 


78°7 the new place of ditto. 
e\ : 
Also 65 ) 14 ( ‘02154 is the mean change in the value of g 
for every 3-pound bal], and double the same number for each 
6-pound ball. 

From these data, the several values of p, g, &c, being 
made out, and the medium velocities computed, these and 
the mediums of the balls, &c; will be as in the following 
table. | 

” 
12 
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ne} Dist | Pow- |---| Veloe. }to a ball of 3b wt. and 
gun } der diam wt ball jo.ng diam. & barom. 30. 
feet | oz | inches Ib feet feet 
11 30 | 16) 2°78 | 2°938 11371) 1357 
BE B03; GI Ut 2°938 | 1353 139 ¢ sort gum 
3} 30 ; 9°938 11584! 1568 
4! 80 : 2°933 }1490t 1475 
5| 130 279 | 2°958 |1437| 1471 
6} 180; ° | 2°78 | 2953 | 1422] 1410 
7} 230 ‘ 2°964 |1393| 1384 
81/330] ° ; 2°922 |1330) 1310 
9| 130) ° 7 2°984 | 1227/pD1219 } tong gun 
10{ 30 | 8 : 3°000 |1062{ 1061 


11| 80 | » , 3°000 | 1049} 1048 
130] > : 3°000 | 1016} 1015 
180} *° : 3°000 | 1016} LOLS 
230| ° : 3000 | 960} 960 
330|.°* ; 2°985 4 924] 922 


coon I cee cee coe eee A ee co 
CO 2 D Or PB DW bO 


430; ° : 2953") 9024) 895 

80} 8 | 3°50 | 5°823 | 703 ) 

8O | 16 4 3°50 | 5°854 | 990 6-pounder 
19/ 80 | 24 } 3°475) 5°750 | 1222 . 


Here the velocities are reduced, in the last column, to 
what they would have been, had the barometer been always 
30 inches, and if the balls had been all of just 3lb weight, by 
diminishing them according to the inverse ratio of the square 
roots of the weights, and of the diameters of the balls. 


Some Experiments with the Gun, and sonic Mortars, discharg- — 
ed at Elevations down the River, to find the Ranges. 


155. October 26. 


Two iron mortars, of § and 10 inches, were fired, both 
with shells and solid balls, their fall in the water being ob- 
served from the opposite sides, with two theodolites, by 
heutenants Wm. Mudge and Wm. Dixon. 

Diameter of smaller bore 7°875, 
Ditto of larger . . . 9°875. 
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o|Mor- |Eleva-| Pow- | Ball or Shell | Time Range 
tar | tion | der |-Giam}) wt | flight 
inches} ® {lb oz{inche:} Ib see | yards 
1; 8 60" 2 45 769! 645/295 | 1500 
2! 8 7°68| 633/24 | 1400 
3] 8 T69} 48 | 961) 1675 
14) § - © 7T68) 48 127 | 1626 f 
5} 10 4 8 |9°74} 129 12524] 1850 
6] 10] * J+ + |9°74) 12711252) 1635 
7} 10] * [+ + [9°45 96) fetes 176 
6{ 101; “« }- +. [9°74 996 2075 ‘ 
156. October 27, 17189. Barometer 30. 
The long 3-pounder Gun. 
es Eleva-| Pow- Ball’s Fime | Rance |Augle 
, | tion {| der 1" wt Tf dian | °" tof fall 
| lb oz |inches | sec yards 4 
PAE Pe) A a tb 2:°18 2420 4.5 
| BP Sh 4 gh Ts aT 2400 | & 
13 8 Pie 3270 | & 
| 4 4: 2 PROCS thee 
pis 4 Pa eC a 
Oe 2 Sek Ge | 1290 4 xe” 
aad 278| 2011 1950 | 8 
/8| 30] 8 * |} 92 | 2660 7 = 
PRO) Bo py tty. f 12 +1600) * 


157. October 28, 1789. 


The 3-pounder gun continued. 


alan F fall 


| InChes| sec | yards 
| 2°78 2450 
4 | 2420 


117 


Solid bbite 
Shells 
Solid balls 


Shells 
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158. 
ee en a a a a a a 
Oct.28. The 8-inch\| Nov. 10. The 8-anch|| Noy. 10. 3-lb 
Mortar. ai Mortar. a Coin! 

1 24 o7,\\ Barge 320Z. Kie-|| 7 Fe - 

The Charge Z | vation 45°. Elevation 75°. 
N° Fleva | Fall Range jNe Range | ° N°|Powder| Range 

LL a. feat Ee fs a pen eee 

, yards yards OZ yards 

1|35°| 53° |1900]/1 | 1920 1| 8 | 1920 
9135 {51 |9900 '2 | 2020 ey) 8 | 2050 
3155 |613-117001\3 | 2120 3! 16 |1890 
4 | 1960 4. , 2070 

5 | 2120. 5 > 19270 

16 | 1930 6 | 24 | 1870 
7 | 2070 7 : 2300 } 

8 | 2080 8 Y 1740 


THE PENDULUM EXPERIMENTS RESUMED. 
159. Now. 14, 1789. 


A second new pendulum having been prepared, it was this _ 
day weighed, measured, balanced, &c, as below. 

Dimensions: length 503 inches, breadth 181, depth 232. 
Its weight 1748ib; its centre of gravity on the first end at 
792, at he second end 79°3. When hung up, and oscillated, 
it vibrated 397 in 10 minutes ; which gives n=39°7, 


~ 


160. November 16. 
Barometer 29°4; Thermometer $1. 


The following balls were discharged at the pendulum, 
from ditierent distances, for the resistance of the air, the 
first 10 from the long 6-pounder gun, the latter 7 from a 
4-pounder ; the former with our usual powder, 2 oz of which 
gave a medium of 36} on my eprouvette; and the latter 7 
with a stronger powder, which gave a medium of 382 on 
the same eprouvette, as here below. 
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EPROUVETTE. 
Old powder. New powder. 
36 ] 38 
36% »36L mean. 384 > 381 mean. 
362, § sai) mi me Y 


The powder was put in the eprouvette loose, or without 
a bag, only set up neatly in the bottom of the bore; and it 
is remarkable, not only bow much more uniformly it now 
acts, but also much more strongly, in the ratio of 36 to 30 
or 31. The same method of charging the eprouvette is in- 
tended to be always practised in future. The diameter of 
the 3lb balls 2°78, of the 4lbs were 3-09 inches. i was 2g 
powder with the 3lb gun was 2402 ; ; with the 4]b it was 213 


4 


ounces, 


no} Dist | Ball’s|Vibr. | Point | Plugs|__Valuesof Makar Velocity: | 
f the ball) reduced 


gun wt pend | struck wt p g 
feet } lb oz! ¢ inches | oz Ib inches feet feet. 
Li 3G,b 3. OP F225 |) 39°3 6 \|1748 | 79°3 
pS ae tam ot DET YOLT 6 5k 2 727| 1722 
A a 2a) Fy 9r-O 1 1G 54 3 ® 
4} 80 }* * |214 | 39°8 9 56 3 
a RRS “iu eh Te Ee 1 9 59 4 
| 6 - 1195 | 91°6} 9 62 4! 1700] 1695 
it deh eS ep Ord RO 65 4 
8:1 130)%° °' | BO2 | 84-2 6 67 4 
Ss Po i 45 eR aie Sy, 9 70 4 aa 1604 
10 : “ee Le ft Oo: TF Sa .73 Bitte 4 
Ll} 90 | & 14] 1187p} 79°5 9 | 76 4. 
9 Oe oo oe 1113p, 79°5 O 19 5 =. 
Sead Sa ° * 1184p} 90°0} 11 $1 b 
14] ° nee 8 yh Wop bi | BS Te, 84 5 
bore 9 CT OST aoe i] 87 5 ey 
16,.- |- + [213 | 946! 9] 90} 5 1269) 1230 
19081 10,| 92]. 5 > 


JAP eee h. 21208 


| 
| 


= 
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161, November 17.  Three-pounder continued. 
Barometer 29:96 ; ‘Thermometer 51. 


ry 
Powder .24 ounces. 


Val f 
. | Point | Plugs fae a Velocity | Veloc 


struck g of ball }| reduced 


inches Ib jinches} — feet feet 
91°5 1795 
91°5 96 
87°3 1801 
no at 
89°6 
93°3 
DA" 5 
90°3 
91°2 
881 
90°4. 
84°5 
85°8 
95°4 
96°4 
82°8 


1578 


] 
2 
3 
4 
5 
6 
7 
8 
9 


$e ay TIT TAADOD OD Don 


Eprouvette, 352, 361, 363, the medium 363, 
The last column contains the velocities reduced to what 
_ they would be for a 3lb ball, with the barometer at 30, and 
the powder at 36 of the eprouvette. | 


‘ee 
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162. November 18, 1789. The same continued. 


Barometer 29°33 ; Thermometer 48. 
’ 


xe Dist. ees Vibra, Point | Plue abc e' Velocity Veloe.» r? 
gun } der | pend) strack wt of the ball lreduced 
{ P § ‘ - 
fees | oz clinches | 0z Ibs | inches feet feet — 
| 30%" 4 82 | 92°7 6 11839 |79°8 
1 ees : 7 | 92°6 4 42 8 669 670 
~ Hey : 718 | 90:8 4 45 8 
4} 80 ‘ 79 | 92°0 8 48 8 
aoe "+ 774858} 5] 51 8 670 | 669° 
Gi ; 74 1 85-0 4 53 8 , so 
TPO. 3* T7 | 92°7 5 36 8 
Bt rihas Vi San 87 Ot 8 1 oo ra 8 oe 
9 83D) 85°38 5 62 3 651 650 
10] + | + | 75 |9011 61 64| 9 
Sa LN eat : 67 | 82°6 5 67 “, 
12;180; >; 70 | 85°8 4. 70 9 
133 8 : T1 } 88°5 Wi 73 -; 641 641 
14) ° : 67 | 838 5 75 9 
15} 230 15 | 92°4 ‘t 78 | 80°0 
164. 4 15. | 92-9 4 81 O | 653 652 
17 ; 764) .93°9 3 84 O & 
1D 1. 30s b Feat 150°) 94-4 6 57 0 
19 -.,147 | OTS 7 89 O 1296 | 1991 
mo eu: 147 | 89°7 8 92 0 
21} 80 ant hoe Os) 9 95 0 
B27) * 139 | 89:9 9 98 1 fue 1243 
oo} he 136 | 876 8 | 1900 1 
241130) .¢.f18h.1.89°1 4:10 3 | . 
Bai 3 * 1137 | 95:9 | 10 6 ] fee 1222 
2D fe 130 |.85°9 8 |1856 | 79°8 
27 | 1804" sy 1320)-86-7 | 9 ou 9 l 
28 |) SO) OTS BBR OF 68 | 969014 | ey 
29| - | + |138/ 90:91) 8 | 65h of) 
30/230} * 1132 |! 88:3 9 63 9 
Se a “PT RISL2? 86-6." /410 | th | 9 {120 } 1200 
S27.” ER AUSZER 36751 9 Piapls 5S 


Here the balls were 2°78 inches diameter; the first two 
weighed 2lb 150z, the next 13 weighed each 2lb i430z, 
and all after 2lb 1420z. ‘The three trials of the powder in 


ha)’ ' j " " ” M 
‘yw e 4 ii : 
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the eprouvette gave 35, 35%, 354, the medium 35:1, each 
2027; 40z gave $43. At the 25th shot a large iron band 
_avas broken and fell off from the lower part of the pendulum, 
weighing 52lb, which was deducted in the following values 
of p'and g. In the last column the velocities are reduced to 
the state of the barometer 30, the ball 3lb, and the eprou- 


vette 36. 


163. November 19, 1789. The same continued. 


: Barometer 29°50 ; Thermometer 46. 
pe : : Values of ; 
~ no| Dist | Pow-| Vibr | Point |Plugs ‘ Velocity | Veloc 
gun | der | pend |struck| wt p g of ball | reduced 
ae ee See pit a BS 
feet | o7 c |inches| oz Ib {inches| feet feet | 
1) 330] 12 1131 |94°7| 9 |1876 |80°0 
” Q\ ° 125 |914} 9 | 79} O fas 1105 
¢ 3, - | . {120 1860} Jo | 82] oO 
w14'430).. 84D! 87°99 | 3 84. 0 grazed 


.- After discharging many more balls from this last distance, 
without striking the pendulum, but always grazing or strik- 
ing the screen of timber, the further attempts were declined. 
The bails used to-day weighed only 2lb 140z. The powder 
by the eprouvette 35, 352, 353, the medium 35-4, 


| aa EP te OR A. 
> p Bali : : 
_ The same 3-pounder gun was gol Fusippint | Wibr | Biggs 
» fired, with 4 02 of powder, at 30 muzzle(strack | pend | wt 


— |——————— |} — | 


feet from the pendulum, with the incheslinches| c | oz 
ball laid, in the bore, at different | 1) 64; | 90 | 76 | 10 
distances from the muzzle, the | 2) °9F | 99 OF ae 
31533190 | 671 6 
powder being at the bottom, to 4) 47d 90 | 69 5 
find’ the loss of velocity. The | 5| 4713 | g8-6 59 | 3 
weight of each ball 2lb 150z, and | 6 3 
the diameter 2°78 inches. Thean- | 7 
nexed tablet shows the chief cir- | ° 
cumstances; the velocities will be 
nearlyin the ratio of the numbers |, ;/ 53 | 81 | 18 
in the Ath column divided by those. {12} 0 |76 | 13 
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in the third, or indecd nearly as the former numbers only, as 
the latter are nearly equal. The 10th and» 12th balls re- 
bounded back again from the pendulum. 

When the broken off iron band was restored to its place 
againy the pendulum oscillated 3974 times in 10 minutes, 
which gives n=393, nearly the same as at first. 


164. November 20. 


Weighed the penduium, and balanced it, for the centre 
of gravity. Its weight was found 1976lb. The centre of 
gravity measured 80°3, which at the beginning was 79-3, the 
change being 1 inch, which is equally distributed among all 
the numbers, but reduced by 3, after the iron band broke 
off. On the whole it appears that, 


Wtof balls lodged 246lb | The sum of all the points struck 
Plugs ditto . . 342 | 6154, divided by the number of 

——_ | them 69, gives . 89g 

Sum of both 280; Cent. of gravity at first . 79:3 

We at first 1748 | the difference of these is 9°9 


Sum 2028 

Whit a the,end..s 1976 Then, as 1976 : 228 :: 9-9: 1°1 

——. | the computed changein the cen- 

Lost by “Betamtos sq | tre of gravity, being very nearly 
tionand splinters the same as it measured. 


a s * 
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A Synopsis of the two Sets of Experiments with the Long 
Three-pounder Gun this year. 


165. Experimented Velocities with various Charges and 
Distances. The ball 3lb wt, and diam. 2°78 inches. 


Barom. 30; and Powder 36. 


Dists.| 24+0z 16 0z | 12 0z 8 oz | 40z Many of these num- 
|= -_-———- bers, it is evident, are 
30 11722 | 1568 at 1061 | 670 irregular, which I sus- 
' 80 | 1695 | 1473 | 1243 | 1048 | 669 Lguinaa. elas 
130| 16041 1471 119991 1015 1630} P&*’s ae rag: 
18011578 41410} 1211 | 1015 |641 | *° Putting the pow- 
230| 1546 1138411200} 9601652] er into cartridges or 
330 | 1498 | 1310} 1105 | 922 bags. Sothat I think 
4301 1300] 1219 895 it would be advisable 


to try some experiments hereafter with the powder neatly 

“put in loose, as I have found the benefit of that method in 
charging my new eprouvette, which acts much more regu- 
larly, since putting the powder in after that manner. 


166. By omitting the three numbers on the lest line, op- 
posite to the distance 430, as the most doubtful of any, and 
making some small alterations in some of the numbers, at the 
same time interpolating another number in each column be- 
tween the numbers for 230 and 330, the series of numbers 
will then run pretty regular, as will appear by their differ- 
ences in small figures, in the following table. 


TABLE OF REGULAR VELOCITIES. 


24 Oz 


16 oz 12 0z 8 Oz 4, OZ 
301 1730 1555 1290. 1060 680 
80| 16887. | 1514. | 1259," | 1036 -! | 669 In 
130 | 1636 ,, | 1474. | 1229), | 1012 5, | 659 | 
180 | 1592, | 14367 | 1200. | 989 5, | 649 9 | 
230 | 1550, 1399 1172 966 5, | 640. © 
_ |280] 15103, | 13645" | 11455' | 944 2 | 
$80 | 1471 1330 1119 922 
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167. Taking then the me- 
f “Middle {Veloc {Resist | 
diums between every two of | Verocities 


Veloc {Resist| Firs’ | 2d 

Jost janees | Diffs. | Dilfs 
these velocities, for each charge | | ———} —— | ——. 
of powder, place them in the feet | Samrat | 


=. 645) 9 
first column of the annexed 


a 
ts 
» G54 £ 
> . . = 7 
table; “after which, in the 2d E 664] 10 


theorem will bring out the |* 107 


1494139 [17465 


column, set the correspond- OT 
ing velocities lost in passing , 933) 2124 | 604 28 
through 50 feet of air. Then, ‘a i \ iy: 29 
: } to Y / yi eas 
‘ ‘ > 3 2( 
to these Ion Soe applying the 21001 | 9: 691 2 i 
theorem S070, where v denotes 1024|}931} 729 4H l 
the middle velocities in the 1048) 24 | 754 
first column ; v the velocities Mid Bk hie 56 
lost, as in the 2d column ; a BBE 2 
1156 28 997 2: 
See OU feet, the common 2 1215}29 11057 i 3 
space; and 6 = 3lb = 480z; 1244/30 [t120) 4 | 3 
the weight of the ball; with L275, 31 |1186 
, vy’ 1347}354 41374 
which data, the theorem arr 1399 | 35 | faos| ealtans) 201s. A 8 
48vvs OD ok . +1418 36°3\1544 8 
becomes —— = vv’; which [5 
1600 100 © 14551376164) of 10 
corresponding resistances in 15351 40°5|1865 Le 
the 3d column; the first and 1491199 (1744). oe dist 
second differences of which 1530} 40°6)1864 10 
. kk 21571} 42°311994 eh 12 
are set in the 4th and 5th co- |* aaa ye ; me 1492 12 
é , snip ~ N eee 4, Z 
lumns, showing that the resist 1659146 logeclt>* | 13 
ances are not far from being 1706148 |2457)19° 


regular. 

But now, to adapt the resistances to the series of veloci- 
ties differing by the constant difference of 50, and to render 
them regular, it will be convenient to construct the curve of 
resistance, making the velocities the ordinates, and the re- 
sistances the corresponding abscisses; which gives the curve 
AH Mie 2; from which we perceive that the numbers in 
the table above the velocity 900, are much too smail, but 
that the rest of them run pretty regular; and when reduced 


to every 50 feet difference of velocity, came out nearly as in 
the following table. 


43 


, 
» ~ 
| i * 


&, 
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Table of Resistances to a Ball of 3 lb weight, and 2°78 inches 
diameter. Barom. 30. 


> 
Velocity Resist. | Diffs.}2Difis}} Resists | Diffs |2 Diffs| © 


SS 


feet OZ lbs 

900 | 566 354 | 
950 | 644 ce 1 || 40-9 a 5 
1000 | 729 | o9| 7 || 45°5 |73 | 5 
1050 | “821 ] S21 6 | 51:3 25 | 4 
1100} 919] 08} 6 ||: sts [22 | 4 
1150 | 1028 | 178} 6 |! 641 [RO] 3 
1200 | 1138 | 11} 6 | 710 |2 3] 3 
1250 | 1249 |5,,| 5 || 782 |r.) 3 
1300 | 1370 | 154) 5 || 867 [Ao | 3 
1350 | 1496 |13)) 5 || 935 }40 | 8 
1400 | 1627 |15,| 4 [iors [2 | 3 
1450 | 1762 | 15g| 3 |1lue [oy 2 
1500 | 1900 }44,| 8 1186 Joe | 2 
1550 | 2041 75, 2 figza foe | 2 
1600 | 2184 [177 | 1 ise [Oy | 
1650 | 2328 | 1) 0 | 145°5 [oF | 0 . 
| 1700 | 2472 | 154°6 | 

5 


General Observations on the Experiments of the year 1789. 


168. The first set of these experiments was made to af- 
ford a comparison between guns of different lengths, the one 


short, and the other very long. They were both placed 


withthe muzzle at 30 feet distance from the face of the pen- 
dulum, being charged each time with 16 ounces of powder, 
and the general weight of the balls 2!b t50z. After a’suffi- 
cient number of rounds with each gun, the medium veloci- 
ties, computed from them, were as follow; viz, the long oun 
1584 feet per second, and the short one 137} feet. that 
the velocity from the long gun exceeds that from the short 
one, by a quantity between the 6tlt and 7th part. of the lat- 
ter only 


¢ A e * 
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he short gun was afterwards fired with the same i el 
of powder and ballseBat blocked up behind the breech, so 
as to prevent entirely the recoil; and then the medium of 
the velocities was 1353 feet, being rather less than befores 
wher its sliding carriage was permitted to récail; but thé 
difference is not more than may be supposed to happen be- 


tween any one day’s experiments and another; so that ity 


may be safely inferred, that stopping the recoil makes no’ 
perceptible difference in the velocity of the ball discharged. 
This comparison between the long and short gun being 
settled, the experiments were prosecuted with the long gun 
alone, that being sufficient for determining the other points 
of enquiry. . In the course of a great many days’ experi- 
ments, as before related, in which the gun was charged with 
various quantities of powder, and discharged at many dif- 
ferent distances from the pendulum, the medium velocities, 
among three good ones of every sort, came out as below, in 
the following tables, where they are all reduced to the same 
circumstances of ball; air, and eprouvette, viz. an exact 3!b 
ball, the height of 30 inches of barometer, and the division 
of 36 on the eprouvette. The table of medium velocities in* 


those circumstances, is as follows. ‘ 
’ 
‘ * 
e 2 
® 
‘ e 
« 
* 
a0 
# + 


* 


i 


x 


ables of Velocities, arranged 


NEW EXPERIMENTS 


The aoe ofthe same, arrang- 


¥ 
rach ot. 


: 


. | according to the distances. ed according to the charges. 
n as Dists | Pow-| Velo- Dis- | Veloci-. | 
nas of gun} der cities tances} ties 
’ feet Oz feet feet 
1|30| 41] 669 1 30} 669 
= Na a} ° | 8] 1061 2 80| 669 
3} * | 12] 1290 3 1301 650 
4*}e * [16 | 1568 4 180} 641 |} 
5a * | 24) 1707 5 652 
6180} 41] 669 6 30} 1061 
ye 8 | 1048 et 80| 1048 } 
8 12 | 1242 8 30} 1015 } 
9 16 | 1473 9 180| 1015 } 
10 | * | 241 1692 10 230| 960 
. 11 1130} 41] 650 11 330] 922 | 
12:1. 9" 8 | 1015 12 4301 895 
13 12 | 1220 13 30| 1290 
14 16 | 1471 14 80] 1242 
15 | «| 24 |-1601 15 130} 1220 
16/180} 4} 641 16 180} 1204 
7S 8 | 1015 17 230} 1197 | 
TMAS 12 | 1204 18 330} 1104 i 
19 16 | 1410 19 30] 1568 | 
| 20h ee etd t 1648 20 80] 1473 
21 |230| 4} 652 he | 130| 1471 
92} ° 8 | 960 22 180| 1410 
. 23 12 | 1197 23 230} 1384 | 
24 16 |. 1384 24: 330{ 1310 } 
25 | + | 24 | 1540 25 430 1219f 
2% |330| 8 | 922 26 30} 1717 | 
e771 ° | 12 | 1104 27 80 | 1692 
28 {6 | 1810 28 130] 1501 
99 | - | 24] 1491 29 1801 1572 
30 }430!1° 8 | 895 30 230} 1540 
| 31} ° | 16 | Oe 31 330) 1491 
32 24 | 1274 392 430) 12°74 


169. From this table it appears that the velocities conti- 
nually decrease, as the distances increase; and though the 
distances are not aay, regular to admit of so accurate 
a determination of the air’s resistance, as will yet lay a foun- 


a? | | 
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dation for a true system of practical gunnery, yet the follow- 
ing inferences may nevertheless be usefully deduced from 
them. 

first. By comparing the first-mentioned velocities by 
the short 3-pounder, with the velocities of the long one in 
this table, loaded with one pound of powder, at different 
distances, it may be perceived that the ete velocity 
with the long gun, which was found to be near + greater, is 
reduced to an equality with the short one, Hine the flight 
of the ball through only 230 feet, or less than 77 yards; and 
as the lengths of these guns are very nearly in the propor- 
tion of 2 to 1, which is as great a difference as ever occurs in 
~ service between any two guns of equal calibre, it fully ac- 
counts for the small advantage obtained in the ranges of 
shot, by any increased length which the limits of practice 
will admit of : and also how very subject to error any deci- 
sion must be, in determining the velocities corresponding 
with a certain lengtb of gun, which is founded on the ex- 
tent of their respective ranges; since the irregularities in 
the shots’ flight, added to the last-mentioned circumstance, 
must render them very uncertain criteria, in all cases where 
ereat velocities are concerned. , 

2dly. ‘This table also affords a further confirmation of 
the small advantage, in point of range, which is obtained by 
increasing the charge, beyond what is necessary to commu- 
nicate a certain velocity to the ball; since the increased re- 
sistance to great velocities operates so powerfully, that they 
are quickly reduced, and soon destroyed: for example, it 
appears by the table, that the velocity communicated by 16 
ounces of powder, after the shot has passed through a space 
of 230 feet, is reduced to nearly the same with that of 12 
ounces of powder, ina flight of 30 feet. It may also be ob- 
served, that the velocity with 24 oz of powder, at 180 feet 
distance, and that with 16 oz at 30 feet distance, are nearly 
equal; differing only by 4 feet per second, though at their 
first discharge from the piece they differ by as much as 149 
feet per second, 

VOL, III. K 
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3diy. From the foregoing table, it is evident also, that 
the velocities communicated by different quantities of pow- 
der, are nearly in the proportion of the square roots of those 
charges.—Also, by a due computation from the quantity of 
velocity lost in the several distances, the resistance of the 
air to the ball of 2°78 inches diameter, moving with several 
velocities, will be nearly as expressed in the foregoing table, 
in p. 126, where the first column shows the velocity per se- 
cond, with which the ball moves, and the other columns 
show the corresponding resistances of the air, in ounces or 
pounds; that is, when a ball of that size moves with a velo- 
city of suppose 1700 feet per second, it is resisted by the 
air with a force which is equal to the weight or pressure of 
2472 ounces, or 154 pounds; and so of the rest. 

From this table of resistances it appears also, that there is 
a gradual and regular increase of resistance, as the velocity 
is increased, from the least to the greatest, and without 
showing the appearance of such a very sudden or abrupt 
change in the ndture and quantity of that resistance, as Mr. 
Robins suspected might obtain. But that the law of resist- 
ance gradually and slowly increases like the velocity itself, 
probably on account of the increasing partial vacuum behind 
the ball in its flight, from the slowest motion, when the re- 
sistance changes as the square of the velocity nearly, up to 
about the velocity of 1200 or 1400 feet, when, the vacuum 
being completed, the law of increase appears to have at- 
tained its highest pitch, being then nearly as the 23 power 
of the velocity; after which it gradually decreases again 
more and more, as the velocity increases higher, till it arrive 
at about the 2% power, and perhaps still lower; which, 
among several others, is a law that was unknown till it was 
discovered by means of these experiments. 

A few trials were also made with a 6-pounder gun, which 
shows the practicability of using still larger pieces of ord- 
nance in such experiments. The dimensions of the gun 
were these: the length of the bore 574 inches, and its diam- 
ter 3°67. ‘The balls on an average weighed 5lb 130z, and 
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measured 33 inches diameter. The gun was charged with 8, 
16; and 24 ounces of powder, and was placed at 80 feet dis- 
tance from the pendulum, which was struck by the balls 
with the following medium velocities, viz. 


Powder, ounces . . . 8°" TGs 24, 
Velocities, feet . . . 703, 990, 1222. 


From which, the same law of the charges and velocities, as 
formerly noticed, again takes place, viz, that the velocity is 
proportional to the square root of the charge of powder. 

A great variety of experiments were also made with the 
3-pounder gun, to obtain the extent of the ranges ; but these 
turned out so exceedingly various and irregular, that no cer- 
tain deductions can be drawn from them. The results and 
mediums of them, however, such as they were, areas below. 


| o |Eleva- Pow- | Time Ranee Angle 
tion | der j flight °" jof fall 


| ete | ee eo 


degr} oz | secs} yards | degr 
L120) es E2600 
ot SU 8 | 22 | 2560 
3) 45 oot 1G... 1290 
4; 45 4 | 225) 1950 
51 45 8 2400 
6| 45 | 16 2700 | 61° 
| 7] 435 | 24 2800 
(‘sas |) 8 1900 
| 9| 75 | 16 2000 
110| 75 | 24 2200 

K 2 
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PENDULUM EXPERIMENTS OF THE YEAR 1791. 
170. ‘Fune 27, 17191. 


A new pendulum having been prepared, of a greater 
length than any of the former, to be used with 6-pounder 
guns, as before had been employed with the 3-pounders and 
1-pounders, to be discharged at different distances, for the 
resistance of the air, and other purposes ; attended this day, 
and saw it weighed, &c, when its weight was found to be 14 
ewt 2qr 8lb, or 1632lb. But, some days afterwards, before 
the beginning of the experiments, it weighed only 162931b. 


17}. June 28, 1791. 


Attended the balancing and measuring the pendulum, to 
find its centre of gravity, &c; when it was found, that the 
diameter of the axis was 2°4 inches, and below the centre or 
uniddle of the axts, . 

the centre of gravity on one side of the block was 76:0: 

and on the other side or face it was . . . . © 75°7 

the mean between them therefore was . . . . 75°85 


172. June 29, 1791. 


Attended the suspending the pendulum, and dividing and 
marking its face into inches, for the easier measuring the 
distances of the points struck by the balls; also making it 
vibrate in small arcs, for the centre of oscillation, which it 
did for 10 minutes, ea which time it made 40} oscilla 
tions, which iepeOne’ is at the rate of 40°1 per minute; so 
that the numeral value of the letter 2 is 40:1. 


173. July 13, 1791. 


Attended the suspending, vibrating, and measuring the 
gun, which was a long 6-pounder of brass, the bottom of its 


bore being hemispherical. It performed 38 oscillations in — 
~ each nunute. 
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Whole length of bore, to extremity of the bottom 80°5 ine. 
Diameter of thebore . . . . » AD dois. B65 
Centre of gravity below the axis of motion . . 8$5°8 
Centre or axis of the bore below ditto . . . 92°2 
Weight of the gun alone . 2. 6) oe ee | 1370b 
Ditto with all the iron work . . . 2... - 1618 


174. July 14, 1791. 
Barometer 30°0 ; Thermometer 66. 


Began firing the above suspended gun, as follows, 


No| Pow- Vibration of |point |Plugs Values of ‘depot 
der gun. | pend struck | wt P g n ball 
OZ inches} @z Ib inches feet 


1 2 | 649 1458)847| 18 | 1627 |76:10 | 40°20 | 1686 
21 - 16301)452|87°4| 11 | 1634 15 22 | 1620 
3 * |6351465/88°2! 10 | 1641 20 24 | 1658 
4D) 24 |569!1462\91'9) 9 | 1648 25 26 | 1588 
5 | + {549|410/86°2} 8 | 1654 30 28 | 1508 
6 549|409|85-9| 9 | 1661 35 30 | 1517 


The gun’s distance was 30 feet ; diam. of balls 3°55 inches, 
wt. 6lb 1t0z. Length of the first charges was 9-8 inches; of 
the latter 8°3. 

My Eprouvette. The powder of last year’s ex- 
@z Chords Vers. Arc. , periments gave only between 
2 4 QE 9 24°32" 35 and 36 recoil on the chords 
2 425 9 24 32 of the eprouvette, which an- 
swers only to 6 on the versed sines: so that the powder of 
this year is considerably stronger than before: yet the men, 
who had the care of it, asserted that it was the same that re- 
mained of the former; but I suspect there is some mistake 
on that point, and that it had been removed or changed, and 
that they either did not know it, or would not confess it. 

The cartridges were now, and hereafter, made of fine 
lawn paper, nicely rounded at the bottom, so as to fit exactly 
the bottom of the bore, which is an exact hemisphere ; and 
the balls were let close into the same paper bags, upon the 
powder, with a thread tied round the bag, both below the 
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ball and above it, to confine it in its place, near half sunk in 
the powder, and the top of the paper over the ball cut off, 
the neck at the tie being neatly folded down; all which cir- 
cumstances render the effects of the firings mot more unl- 
form than heretofore. 

The penetrations of the balls into the wood were so deep, 
that a sharp iron wire piercer could not be found long 
enough, to reach the balls in the pendulum block. After the 
first shot, the piercer or searcher was introduced the depth 
of 26 inches, without meeting the ball: so that the first pe- 
netration must have been more than 29+ inches. 

After the experiments were ended this day, 2lb additional 
of wooden plugs were driven into the pendulum, to wedge 
it up close; which therefore must be added to its weight 
hereafter, 

173. July 16, 1791. 
Barometer 30;\’Thermometer 69. 


The same experiments continued with the lower charges. 


N° eet Vibration of | point! Plugs Values of Velocity 
der “gun pend. struck} wt og a hie bee ee of ball 
OZ inches| 02 Ib inches feet 
1| 16 | 443 }340 | 32°9 12 | 1668 | 76°40 | 40°33 | 1312 
1{21|.16 1437! 327|816} 9 | 1676 45 SD A eo £ 
31: 8 §2321929/181-0! s&1 1681 50 37 911 
4: 8 1 219 1220 | OUD 9 1688 50 40 884 


The balls and distance of the gun the same as before. ‘The 
length of the 16 oz charge 6°75 ; of the 8 oz 5:3 inches. 
My Eprouvette. 

Oz Chords Vers. 

2 425 9 These with the large grain used in 

2 42% 9 f the experiments, 

2 45 9% This charge was with the fine grains 
that were sifted out of the powder every day, witha peculiar 
sifting machine, the large grain being used in the experi- 

ments. Hence it appears that the fine-grained powder is — 
stronger than the large-grained, at least in this quantity, 
2 ounces. 
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On vibrating the pendulum after the experiments ended 
this day, for the centre of oscillation, it performed 405 vi- 
brations in 10 minutes, or 40'5 per minute, which was 40°1 
at the beginning. But by computing the variation in the 
value of x, from the change in the weight, it gives only a 
difference of 2: I have therefore assumed the value of 2 at 
first to be 40:2, and at the end 40:4. 

Weighed bee balanced the pendulum, when its weight 
and centre of gravity were found to be as below. 

Centre of Gravity : : 
On: one side Sel 76°65 | For the Weight. 
On the other side . 76:80 | Weight at first *'. 16292. 
The medium of both 76°72 | Ten balls lodged ‘ott 
69 


ee Aig 
Ditto at beginning 7535 || Plugswt . . 6% 


Medium nearly melt wh ete Additional ditto 2 on 
Wt. added, changes The sumis . 16984 
thecentre°4,itshalfis 0°2 Weight at the end 1694 


ee 


Correct at beginning 76°1 Theref. lost by saat ys 
Ditto atthe end . 76°5 poration . . hs 
176. July 18, VI91. 
Barometer 29°75; Thermometer 7]. 


Attended the weighing and balancing the gun, also fired 
the same charges of powder without balls, as had been used 
the last two days with balls. 


o|Pow- | Length | Vibr. Be ° 
Ol dad” AChanesiee gon | My Eprouvetie. 


Oz Chords Vers. 


oz | inches 43 


I 
F 93 Uarge grains © 
32 | 6°38 294 201 $435" 194 ¥ 
2 


2b Oe eae 45 104 small grains. 
The gun vibrated 38 + per 

16 | 3°7 140 min. Seeits weight, dimen- 

ai aS 63 sions, &c, July 13. 


OID Go SB WH H 
— 
fey) 
© 
~] 
—_ 
> 
i 
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177. July 21, 1791. 


TRACT 34. 


Barometer 29°89 ; Thermometer 67. 


The pendulum having been repaired, and received a new 
core, I attended the weighing and suspending it. It weighed 
1630lb, which being but 41b less than before it was repaired, 
it may be presumed that its centres of gravity and oscillation 
are the same as ended with, on the 16th instant. 
pended the medium 6-pounder gun, which was exactly the 
same diameter as the long one; and all its dimensions, 


weight, &c, were as below. 


lb 
Weight of gun alone 1175 
Ditto of iron work 248 
Ditto both together 1421 
inches 


Dist. centre of gravity 34:9 
Dist. axis of gun =. 922 
Length of bore . . 56°65 
Diameter of bore  ° 3°65 
* Vibration per minute 89— 


No |Pow- Vibration of | Point |Plugs 


Also sus- 


E prouvetie. 
Oz Chord ‘Vers. 
2 43 94 
2’). ABM. BOE 


Discharged the following 


rounds. 


Dist of the gun 
Diam. of balls 
Wt. of ditto 


30 feet. 
3°55 inc. 
6lb. 140z. 


Values of Veloc 

der “gun | pend struck | wt p g % ball 

oz inches} oz Ib » inches feet 

1} 32 |719 | 404} 82°5 9 | 1690 | 76°50 | 40°4 1586 
2) 32|716| 412) 846] 18 | 1697 54 4 1585 
3| 24 }648 | 401} 85°9}] 29 1704 58 4 1527 
A} ‘24 | | 388! 85°6! 18 | 1712 62 4 1490 
5| 24 1615} 371} 85°8| 26 | 1719 66 4 1430 
6} 16 |501 | 344} 88:1) 19 | 1726 70 4, | 1298 
71 16|490) 320} 87:3] 21 | 1733 74 4. 1224 
8 81318 | 227) 87-1 9 | 1740 718 4 874 
9 8|.323 | 232| 88'°6| 15 1747 82 4, S82 

The Charges, oz. 32 24 16 8 


‘Fheir Length, inc. 9°7 8:37 675 5:4 
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178, July 28, 1791. 


Barometer 29°83 ; Thermometer 66. 


Ro] Pow: | Length, |@thration Fired the same medium gun 
der jofcharge| of gun with the same charges of: 
Pw , powder as before, but with- 
OZ inches % 
1| 32 | 68 338 out balls. The results are 
2) 32 | 6°7 343 here annexed. 
3 | 24 | 52 252 
4) 94 | 5°25 254 E : 
prowvette. 
5116 | 3:85 | 157 P 
6| 16 | 3°75 160 Oz Chord Vers. 
PROS | oe (75 Diy: 435) 7798 
8| 8265 | 76 2° “431 gt 


The pendulum having also been again repaired, with the 
addition of a new core, and strong iron bands across the 
back, to prevent the wood from bursting out behind ; 
weighed it, and balanced for the centre of gravity, as below: 


Its weight was. 1803lb And it may be presumed 
Cent. of grav. one side 76°7  - this last number is very 
Ditto the other side 77:2 near the truth, as the cal- 


7 -— ee ; if 
Medium of both 76°95 — culation on the additional 
weight of the iron cross bars above mentioned, alters the 
centre of gravity by *4. of an inch, which added to 76°5, 


what it was before, makes it 76°9, almost the same as that 
annexed, 


179. Sept. 14, 1791. 


* 
Barometer 30°2; Thermometer 70. 
Suspended the long 6-pounder gun, and discharged it 
against the before-mentioned pendulum, from the distance 
of 200 feet, for the resistance of the air. 


Eprouvette. 
O Chord Vers. Are. ; / . 
; 43 : 94°59 | Distance of the gun, 200ft. 
4 


9 434, 92 25 O Diam. of the balls, 3°55 In. 
2 43: of (95 0 | Weight of ditto, 6lb 140z. 
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ne {Pow- [Length Vibr | Point Plugs | Values of cee 
der |charge | pend |struck; wt Lop @ re ball 
i er va es en) corres 
0z ladehes c linebee Oz Ib inches feet 
1] 32 | 9:9 |371-| 82-51 2 1801 | 76°90 |40°4} 1560 
9} 32 | 9-9 1359|81°8| 17 8 93 |- 1529p 
3 | 32 | 99 [389/844] 19 16 97 1614. 
4.| 24 | 84 1345 |89°0] 18 23 | 17:00 1362 
5| 24 | 8:4 |327|86°9| 29 30 04 1328p 
6|.24 |! 83 |324| 80-6} 20 32 07 1425 | 
“| 16 | 6:9 |280|82°2| 17 39 11 1238 
' 8| 16 | 68 1298} 90°6] 15 46 14 1174 
19] 8 | 54 12925/91:0] 10 53 18 886 
10} 8 | 5°3 |226|93'2}10| 60 21 872 


The 2d and 5th rounds are doubtful, owing to accidents: 
the ball dropped out at the 5th round. After this day’s ex-- 
periments, the pendulum was quite ruined. 


It vibrated 401 per minute. 


Ib oz 

Its weight, July 28 was 1803 0 
Weight of 9 balls : 54 132 
Ditto of plugs . . . 4910 8 
The sum is 1868 52 

But wt at last... 1866 0 
Theref. lost only . 2’ bt 


by evaporation; which is but a 


180. 


small quantity, consi- 
dering how dry the 
weather had been: in- 
deed it was all the time 
closely wrapped up in 
an oiled cloth, which 
probably in a great 
measure prevented the 
evaporation. 


Sept. 21, 1791. 


Attended the weighing and balancing the new pendulum, 
being an entire new block, of 52 inches long, and the face 23 


inches by hig 
of axis to 


Centre of gravity on one side 


Ditto on the other side 


The mean theref, is 
Add half diam. of axis 


Its weight was 1662\lb. Dist. below bottom 


74°38 
oi 74°3 
0 NS EE 
115 


e e ° 


Centre of gravity below axis of motion 75°7 


_ 
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181. Sept. 22, 1791. 


Barometer 30; Thermometer 60. 


Fired the long 6-pounder,andalsoa light short one, against 
the above-mentioned pendulum, from the distance of 30 
feet, with charges of 3lb and 2lb of powder; the length of 
the bore of this light gun being 57°6 inches. From this time, 
the guns were not suspended like a pendulum, but placed 
on a ship-gun carriage, with trucks running on a level plat- 
form, and the recoil of the gun and carriage noted down. 


E’prouveite. shots were with the long 
2 Z| ~ 421 chord gun; the rest with the light 

2 423 gun. 
The pendulum oscillated 121 The ball’s diam. 3°56; wt. 


in 3 minutes. The first 4 6lb 140z. 


ity Pow- |Recoil} Vibr| Point |Plug’s Values of Velocity 
| der | gun | pend |struck | wt hepa Eh giwoh sae of ball 
| Ib jinches} c finches] oz Ib inches feet 
a 3 67 |482187°0; 20 | 1662 | 75°70 | 40°33 1749 
2| 3.) 69 | 479133-2| 15 | 1669 74 33 | 1826 
3) 2 | 48 |431186°1) 16 | 1676 715 33 | 1596 
4; 2 | 49 |}456157°5| 16 | 1683 82 33 | 1669 
5| 3 | 83 | 445]82°8|.63 | 1690 85 34 | 1728p 
6} 3 | 72 | 437] 88-0; 16 | 1700 89 34 | 1607 
lao hie She. t5o'OT 13) 1 70T 93 34 | 1614 
8) 2 | 58 1383]/80°3] 15 | 1714 oO} won L558 
Fhe wom Jato oO OT Lil, f te:ce ay | 550°) 


182. Sept. 24, 1791s 
Barometer 29°98 ; Thermometer 60. 


The following 4 rounds were fired against the pendulum, 
with the medium and the light 6-pounder guns, on a carriage, 
viz, the first two rounds with the medium gun, and the other. 
two with the light one, both 5 feet guns, each round with 
itlb of powder, and at 30 feet distance from the same pen- 
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dulum.as left hanging Sept. 22 ; the balls as before, viz, di- 
ameter 3°56 inches, and weight 6lb 140z. The lengths of 
the bore and weight of the guns, were thus: 


Medium Gun. Light Gun. Eprouvette. 
Leneth of bore 56°65 inc. 516} Oz Chord. 
Diam. of bore 3°65 3°65 2. 422 
We. of gun 1173]b. 605 2 43 
eafLiodett Recoil] Vibr {Point |Plug’s Values of Velocity 
; charge | gun pend struck wt op Hohs seth Oke aes of ball 

inches finches! ¢ inches| oz Ib inches feet 


82144 1373]868| 13 | 1728 | 76:04 | 40°35 | 1416 
8-2 | 44 | 386/900] 13 | 1735 | 08 36 | 1420 
8-3 | 78 |378|88'5| 12 | 1744} 12 36 | 1420 
s 2 | 83 |397/90°5| 12 | 1749 16 36 | 1465 


m 69 hb 


183. Sept. 26, 1791. 
Took down the pendulum, to be repaired. 


Its weight at first was eudeilt 16621b 
Add balls and plugs, Sept.22 66% 
DILtO EDC As ge ha skate eke eiee te 
The sum of all 1756 
Itweighed nowid yf hy. ¢2Gr.. (N58 


Theref. lost by evaporation only 1 


184. Sept. 27, 1791. 


The pendulum having been repaired, it was weighed and 
balanced this mogning. 
Its weight was . . 1759Ib 
Sheet-lead facing. 19 

The sum of both 1778 

Cent. of grav. below 

ByKiS fie.) siya pa ED OUNCE 
Dittoon the other side 76°1 
Mean of both . . 76:2 


This distance,76°2,is exactly 
what it comes to, by calcu- 
Jation, viz, from the weight 
of balls and plugs lodged in 
the pendulum Sept. 22 and 
24, 


TRACT 34. IN GUNNERY, 1791, 141 


185. Sept. $0, 1791. 
Barometer 30°15; Thermometer 53. 


The powder, which had been hitherto employed, having 
been all expended, on trying several new sorts, for a fresh 
supply, by means of the eprouvette, none of them could be 
fond so strong as the former was. But, by sifting the large 
grains out of one of the best of them, the remaining small 
grains of it came up nearly to an equal strength with that 
before employed ; and with this new kind it was that the 
following experiments have been made, viz, with the long 
6-pounder gun, at 115 feet distance from the pendulum, the 
gun being mounted on the truck carriage. The balls, as 
before, weighed 6ib 140z, and diameter 3°55 inches. 


Eprouvetie. After the experiments the pendulum 
202. 42 vibrated 80 in 2 min. or 40 per min. 
2 42.3. so that 2 = 40 in all the rounds. 


Length|Recoil| Vibr | Point | Plug| » Values of 


Velocity |. 


der |charge | gun | pend |struck} Wt re a ae of ball 

oz jinches Jinches}| c finches} oz Ib inches} feet 
1 48 |12°9| 56 1396p) 85-0} 12 | 1778 | 76:2) 1597p 
2 48 |12°9!1 67 1444 186-2] 12 | 1784 Qi vTV 
3, 48 | 13-0] 65 [448 | 90-3] 12 | 1791 3] 1715 
4) 32 82:0] 11 | 1797 3} 1616 
5 39 87-2) 12 | 1804 3} 1637 
6 24 §3°5| 14 | 1810 4) 1491p 
7| 24 $05; 11 | 1817 | 4} 1405 
8 24 83°6| 11 | 1823 4 | 1433 
9 16 719°9| 8 | 1829 5| 1223 
10, 16 89°5| 11 | 1836 5| 1207 
11) 8 88:41 15 | 1842 5| 863 
121 8 88:2] 11 | 1849 6} 857 


After the experiments the pendulum weighed 1855lb 
Now at beginning it weighed . . . 1778 
Add for 12 balls sat. St 10. 9G a 
Ditto forthe plugs . .. . hoe §2 


Sum of these 1860 
Deduct for loss of Jead facing . . 5 


Remains the same wt. as at first . 1855 
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So that nothing has been lost by evaporation, owing pro- 
bably to the pendulum having been kept closely covered 
up with the painted cloth. ; 7 


186. Oct. 10, 1791. 


Barometer 29°27; Thermometer 57. 


t 


The pendulum having been again repaired, and its face 
covered witha new sheet of lead, the following rounds were 
fired from the long 6-pounder, mounted as before, at 285 
feet distance, with balls weighing each 6lb 130z, and diam. 
$°55. The pendulum weighed 1861]b, and the medium of 
its centre of gravity measured 77 inches, which I suspect is 
erroneous, as the pendulum is nearly the same weight as be- 
fore, when that centre was only at 76°6; I have therefore 
assumed the medium 76°8 to begin with It vibrated 40 per 
minute. 


Eprouvette. 
2 0Z 49* chord. 
2 42% 
No Pow- Recoil] Vibr. | Point | Plugs Values of Velocity of 
’ der | gun | pend [struck] wt  D e gz we the ball 
oz |inches| c |inches| oz Ib inches feet 


1| 48 | 49 |374!185°8| 16 | 1861 | 768! 40 | 1571p 
2| 48 | 63 |432/92:9| 15 | 1867} 8| ° | 1674p 
3' 48 | 54 |416/91-5| 14 | 1864 | 8] > | 1641 
4: 32 | 36 | 329|79°5| 13%} 1869 | 8| - | 1496 
5 $2} 36 |358|846| 12 | 1845 | 8| + | 1513p 
6 24 271 | 1467 1852! 7] - | 1329p 


N° 1 is doubtful.—At N° 2 the ball came out at the side 
of the pendulum, and struck en iron band, which it cracked, 
and then rebounded, also some splinters of wood flew out, 
both making the recoil too great.—At N° 5 some more splin- 
ters, and a piece ef iron band burst off by the elasticity of 
the wood, weight 29lb, when the pendulum began its mo- 
tion, which again made the vibration too great.—=N° 6 also 
burst another band, and ruined the pendulum. So that there 
are only two or three indifferently good shots. 


- 
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* 187." Oct. 22, 1791. 


Another new pendulum block having been prepared, its 
length 5 feet, and face 24 inches by 18, had it weighed in 
the Foundery, and found it just 19 cwt, or 2128]b, including: 
its facing of lead, which weighed 21lb, being much larger 
than any of the former pendulums. 


188. Oct. 24, 1791. 


Weighed the pendulum again, when its weight was found 
only 2121]b, having evaporated no less than 7lb in the two. 
days it Jay uncovered in the Foundery. Balanced it also for 
the centre of gravity, when it was found at both ends the 
same, viz, 77°7 inches below the middle of the axis of sus- 
pension. 

189. Oct. 27, 1791. 
Barometer 29°96; Thermometer 46. 


Suspended the new pendulum, and fired the following 
rounds against it, from the same distance of 285 feet, with 
the same long 6-pounder gun, mounted as usual on a truck 
carriage, running ona platform. 


E’prouvette. 

2 oz. 422 The constant value of g = 77°7 
2 423 Ditto of x —H398 
No Charge. Rego vibeas Point {Plugs wt Veloce 
“wt {ucight| $4n | pend jstruck} wt pend | of ball 
oz jinchesjinches| ec finches} oz Ib feet 


32 | 9°9) 22 | 299] 88:1} 14 | 2119 | 1412p 
32 | 9:9 |, 29 2117 

32 | 9°9} 24 | 310) 87°6| 15 | 2115 } 1471 
32 | 9°9) 22 | 293) 85°4) 13 | 2117.) 1428 
8°3| 17 | 286] 89°6| 15 | 2119 | 1330 
g $°3| 16 | 292/|90°9!] 16 | 2121 | 1339 
16 | 6°8} 10 |240/| 871) 14 | 2123 | 1150 
16 | 6°9! 10 | 2431] 90°1) 16 | 2125 | 1127 


OMAAD AS OH 
bo 
SS 


8 } 5:3] 4 2127 
TOES" Pare pers 2120 
BD i She By. 4 2113 
12)..8 f 
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Before the pendulum was hung up this morning it weighed 
2119]b, having lost only 2!b the last 3 days, owing to the 
dampness of the weather in that time. It oscillated 398 in 
10 minutes, which gives » = 39'8 per minute. The balls 
weight 6lb 130z, and diameter 3°56 inches. Tbe pendulum 
proved to be of bad unseasoned wood, so damp indeed that 
the water dropped out very fast, after the balls entered ; and 
many splinters few out at every shot. The first and second 
rounds are doubtful, as both the balls came out: the first 
penetrated 42 inches, before it came out. The next 6 balls 
lodged, but the last 4 all came out, by striking near the edges, 
and ruined the pendulum by breaking several of the bars.— 
After the experiments were ended, the pendulum weighed 


2099|b. 
Now at first it weighed 2119lb. 


Add for 6 balls lodged 363 
Ditto for 7 plugs 
The sum is 2163 

Being less than at first 64 
which must have been lost in splinters, bars, and lead facing, 
chiefly in the last 4 rounds. 

It may be observed that the recoils are nearly, but a little 
more than, in proportion tothe charges of powder. 

190. In the following table are exhibited the mediums of 
the several circumstances and computed velocities, as brought 
together, and arranged in the order of the dates, after hav- 
ing, with great labour and patience prosecuted these experi- 
ments as far as practicable, with respect to the magnitude of 
the pendulums, the size of the balls, and the distance from 
the gun. 


& 
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Synopsis of the foregoing Experiments brought together. 


Vibration gun Veloc 
With | with- 
ball jout bil 


ee ee ed) ee ee 


Velocity 
comput’d} reduced 


Baro-|Pow- |Eprou-| Dist 


Date | Gun |meter| der | vette | gun 


July OZ feet feet feet 
14 | & |30°0) 32 142°5| 30 |638|294| 1655 | 1663 
14] 3 1294) ° | = 15561290 \I513 4.1521 
16 | « 16}: - 1440/}140} 1300 | 1306 
16 | & gs} -{ -° 1280} 63! $98} 902 
= |29°91 $2) 43 | 30 | 718] 341) 1585 | 1585 

= -124] - | + 1632/2531 1460 | 1460 
te: “Tl 167° - 1496)159| 126i | 1261 

ed We as et: e - [321] 76} 878 | 878 


rae 32 aos 5 w 1567 | 1564 


14 to wo ® 
Sy BE 24 = S, 1399 | 1396 
09 1G bec ah B 1206 | 1204 
7 | 5 OR, AE ee E : 879 | 877 
22 {Ro 48 |42°6| 30 | 68 1788 } 1792 
- jlongyt - | 30] - | ie 49 1633 | 1636 
ca ee an ae: ae - | 72 1621 | 1624 
- 132] ° - 1 57 1554 | 1558 
24 lie Poulain raed 24 ano 30 | 44 | 1418 | 1419 
lient 24 . ie 1442 | 1443 


30 hE 43 ks So 66 
: 32 48 
24 : WGN 5" 1443 | 1454 
. ‘ 1215 | 1224 


867 


uns Suo7yT 


860 


29°3| 48 |42°5) 285} 55 


eemmenumneeee = | erento | 


1743}.1755 
1627 | 1639 


uns 3u0'T 


42°6 | 285 


In this table, the numbers in the column of Eprouvette, 
enote the chata of vibration with 2 oz -of powder, the ra- 
dius being 100. The vibrations of the guns, are chords to 
radius 1000. The balls were all 3°55 or 3°56 inches dia- 
VOL. Ill. L 
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meter, and 6]b 140z weight. In the last column, the veloci- 
ties of the balls are all reduced to the state of the barometer 
30, and Eprouvette 43. 


191. The series of velocities, being selected from the 
preceding synopsis, for each gun and distance, will stand as 
in the following tables, as adapted to the ball of 3°55 or 3°56 
inches diamersrs 6lb 1 40z wejght, with the strength of the 
powder 43 by the Eprouvette, and the Barometer 30 inches. 


The light gun. The medium gun. 
tance} der city. |itance} der | city. 
— 

feet 0z feet feet 0Z feet 
% 30 | 48 | 1624 || 30 | 32 | 1585 
32 1558 < 24 | 1460 
24 | 1440 - | 16 | 1260 
8 877 


The Long Gun Mediums, and reduced Regular. 


Dist. 3lb Powder || 2lb Powder. 1Zlb powder 1lb powder 


feet || veloc. | veloc. ‘|| veloc..| veloc. || veloc. | veloc. || veloc. | veloc. 


(Cmmmepeeeneneee | ee fe fee fl 


(yap eeaae t Atineeder 
nes rr 
Comp. | Regul] || Comp.| Regul.|; Comp. | Reg Comp. | Regul. Eis Regul. 


30 || 1792} 1810]| 1650} 1673 || 1521 | 1506 | 1306.) 1306 
115 9} 1755} 1745 || 1639] 1616 }) 1454 | 1453 || 1224) 1259. 
200 1685 || 1564} 1561 || 1396 {1402 || 1204) 1214 

1142; 1171 


285 || 1644 | 1627 || 1522 | 1508 |) 1342 | 1353 


192. As the series of decreasing velocities are not quite 
regular, the numbers are altered here and there by certain 
very small quantities, which, without materially affecting 
the whole velocity itself, has the effect of making the series 
become regular, and so the more easily leading to the regu- 
Jar law of resistance. These corrected, or regulated veloci- 
ties, are set in columns, each immediately after its corre- 
sponding column of irregular or calculated velocity; and 
those regular columns being extracted from the rest, and 
brought together by themselves, with their correspondent 
distances and differences, will stand as follows. 


. 
TRACT 34. IN GUNNERY, 1791. TAT 


Regular Velocities of the Long Gun, and their Differences. 


Dists. | Diffs. | 3lb powder. | 2ib powder. IIb powder. 1lb powder. 
Veloc. | Diffs || Veioc. |Bitts. || Veloc, |Diffs.|| Veloce. } Diffs. 

30] ,. || 1813 1676 | .. || 1506 1306 

115| o> || 1748 | 62 || 161s | °° | 1454] 2° || 1259 | 75 

200] g. || 1636-| .5 | 1562 | 5) | 1404] go | 1214145 

985| °° | 1627 | 2 1508 1356 1171 


193. Then, by applying to these numbers the usual the- 
orem, ” = —b, where r denotes the resistance to the mid- 
dle velocity v, and «' the velocity Jost in the space s, which 
here is 85 feet, with the mean velocity v, and 6 the weight 
of the ball, which in this case is 6b 140z, and diameter 3°55 
inches; the resistances in Ibs will be as in the 2d column of 
table 1 here below, to the mean velocities exhibited in the 


«, > 


first column. 


Table I. Table II. Regular, in Ibs and ounces. 
Mean |Comp.|| Regular ' bem. Regular : 
ied g hel AE In ounces| Diffs. |2 diffs nee. Diffs, |2 diffs 


ere | ae —_—_—_;, _ |[——. 


feet lbs feet Oz Ibs 

1198 | 115 |, 1200. | 1840 | 14, 115°0 | 15.9 
1237 |125 || 1250 | 2030 | 49| 9 [126-911 5.4] °5 
1283 |135 | 1300 | 2229 | 05 | 8 | 139°3| 0} 6. 
1378 | 154 | 1350 | 2436 |o7,| 7 [1523] ig 4) 4 
1428 | 160 | 1400 | 2650 |5,5| 6 [165-7] 15.7] 3 
1480 | 172} 1450 | 2870 | 454] 4 [1794) 45] 3 
1535 | 185} 1500 | 3094 | 55,7] 3 | 193-4] )4.5| 2 
1590 | 199} 1550 | 3321 | 555] 2 | 207°6| 4.9] 1 
1647 {214 | 1600 | 3550 |5,5) 1 [221-9] 74) 1 
1654 | 219 || 1650 | 3780 J559| 0 | 2363], 4.4] 0 
L717 | 239°}) 1700 | 4010 Gog Holi ROOT bis aap luck 
1781 | 259 || 1750 | 4239 |50-| -8 | 265-0 | 4.5 | -2 


| 1800 | 4465 279°1 


Bat as the velocities, in this table 1, are at unequal inter- 
vals, and the correspondent computed resistances contain 
some few very small irregularities, the numbers are reduced, 
in table 2, to equal intervals of velocity, differing by equal 

L 2 
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differences of 50 feet, and the column of corresponding re- 
sistances are reduced by a due proportion, to uniformity and 
regularity, which appears by the differences in the last co- 
lumn of that table. That is, the numbers in the 2d column 
of table 2, show the true resistances sustained by a ball of 
3°55 inches diameter, when moving through the air with the 
velocities in the preceding column, viz, a resistance of 1840 
oz, or 115lb, when moving witha velocity of near 1200 feet 
per second, &c. &c. | 

The curve constructed from these velocities and resistances, 
is the curve a1, plate 2, being similar to those before con- 
structed, 


Observations on the preceding Experiments, in the year 1791, 
with the Ballistic Pendulum. 


194, The experiments of this year were performed with 
three 6-pounder guns, all of equal diameter in the bore, but 
of different lengths and weights. 

The few 6-pound balls that were fired against the ballistic 
pendulum, towards the conclusion of the last year’s experi- 
ments, gave reason to hope that the pendulum might bear 
that weight of balls; and, by enlarging the apparatus, that 
it might even bear the shock of balls of a still larger size; 
the experiments of this year have therefore been prosecuted 
with balls rather higher than those of 6lb weight. 

For this purpose, some pendulum blocks of wood: were 
prepared, of a larger dimension than formerly, that they 
might not be perforated quite through by these heavy balls ; 
with a proportionably strong apparatus of iron to bind them 
together, and to suspend them; the whole amounting to al- 
most a ton weight. 

The three 6-pounders with which these experiments were 
performed, were two short guns and a long one, the for- 
mer of equal lengths, but differing in their weights, as 
follows. 
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- Bere’s 
Gun Weight 
length | diameter 
- aed ad 
lbs inches inches 


Long 1370 | 80°5 | 3°65 
Medium! 1173 |.56°65| 3°65 
Light 633 | 56.6 | 3°65 


These weights were those of the guns alone, without the 
iron apparatus for suspending them, when they were used in 
that way, which was the same for all the guns, and weighed 
248lb.—The bore of the guns terminated at the bottom in 
the form of a hemisphere: and the charge of powder was 
put into very thin paper bags, shaped round at the bottom, 
so as to fit very nicely the end of the bore. The guns were 
sometimes suspended like pendulums, vibrating very freely, 
and at other times placed upon sliding carriages, to check 
the gun’s recoil, thus reducing it to a very small quantity, 
to try if it would make any difference in the velocity with 
which the balls might be projected.—The weight of the balls" 
was usually 6lb ltoz, and their diameter 3°55. 

The states of the barometer and thermometer were taken, 
to judge of the effects of the weather on the powder, and on 
the resistance of the air against the balls —The powder was 
proved every day by my new eprouvette, which shows very 
minute differences in the strength of the powder, and ena- 
bled us to regulate its strength, by keeping it always to the 
same degree. And indeed it proved very fortunate that we 
had such an eprouvette to employ, as it served to detect a 
change that had been made in the powder, which we should 
not otherwise have been aware of. For, the powder that 
had been used the year before gave only from 35 to 36 vi- 
bration of the eprouvette; whereas that which we began 
with this year gave from 42 to 43, constantly; and we ex 
pected that all the remaining barrels were of the same kindg 
but this did not turn out to be the case; for, after some 
day’s experiments, on entering upon another barrel, we 
were surprised to find that the eprouvette showed it te be 


as 
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of much Jess strength; and on trying the rest of the bar- 
rels, they were found to be all the same with this second 
one: so that the first barrel of this year, had been a sin- 
gle one, of a greater strength, that had accidentally been 
placed with the rest. As we had mace a considerable pro-~ 
gress in the experiments, it was material to find a powder 
of precisely the same strength with that we had last been 
using. But, as this was not to be found among these bar- 
rels, in their present state, we had recourse to the expedient 
of sifting some of the large grains out of the gencral mass, 
and, repeating the operation, we found the remainders gra~ 
dually increase in strength, till at length the eprouvette 
showed the small grains to have the same strength, viz, be- 
tween 42 and 43, as the former kind; a practice which we 
continued ever after. And thus the eprouvette not only de- 
tected a mistake, which would otherwise have spoiled the 
whole year’s experiments, but also enabled us to discover a 
method of preparing a kind of artificial powder, to match 
the former. 

195. The chief object of the experiments was, again fur- 
ther to ascertain the resistance of the air, by discharging 
these larger balls, as formerly the smaller ones, against 
the pendulum from different distances, and observing how 
much velocity was lost by flying through several spaces 
of air. Though several other objects were also proposed, 
and attended to, in the progress of the experiments; such 
as, the effects of either suspending the guns like a pendu- 
lum, or stopping their recoil; also the effect of different 
weights and lengths of guns; and the effect of the different 
charges of powder. The penetrations of the balls, in the 
blocks of elm wood, it was also proposed to attend to: but 
these turned out so deep, that a piercer could not be found 
long enough to reach the ball within the block, though ‘it 
Was sometimes introduced as much as 26 inches; so that the 
ball must have penetrated upwards of 294 inches, in the so- 
lid wood, as the ball’s diameter was more than 3 inches and 


a half. 
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In the tables at art. 191, 192, 193, are given general ab- 
stracts of the results of the experiments, being the mediums 
of the best rounds with the different charges, distances, &c, 
as computed from the experiments, and all reduced to the 
same Circumstances, viz, 


Ball’s weight - - - 6lb 1foz, 
Dittodiameter - - 3°55 inches 
Eprouvette - - = 43 
Barometer - >» = 80 


By comparing together the effects of the medium and 
light guns, of equal length nearly, it appears that there is no 
sensible difference between their velocities with equal charges 
of powder, though the one gun weighs nearly double of the 
other: whence it may be inferred, that their difference in 
weight has no sensible effect on the ball’s velocity. —And the 
same thing happens by comparing together the velocities, 
when the gun is suspended like a pendulum, vibrating freely 
when fired, and when it is mounted on a sliding carriage 
which can recoil but very little, or,even when the recoil is 
wholly prevented.—It also appears that the velocities arising 
from the firing of different charges, are nearly in the propor 
tion of the square roots of the quantities er weights of pow- 
der.—By comparing together the long gun, of 80 inches 
bore, and the short ones, abe 56, it appears that there is but 
little gained in velocity, in comparison of the length; the 
gain in velocity by the long gun being only from +, to {4 of 
the whole. 

The comparison between the long and short guns being 
settled, the experiments’ were prosecuted with the long 
gun only, as sufficient for determining the other points of 
enquiry. | 

196. It appears, from the table of velocities, with which 
the balls strike the pendulum from different distances, that 
they continually decrease as those distances increase ; their 
differences showing the quantity of velocity lost by passing 
through certain spaces ofvair; from which losses of velocity 
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the quantity: of the air’s resistance is computed, by a theo- 
rem adapted to that purpose. 

By comparing the velocities of the long gun and one of 
the short ones, with equal charges of powder, but at different 
distances, it may be observed, that the greater velocity of 
the long gun is very soon reduced, by the air’s resistance, to 
an equality with that of the short one at its least distance ; 
and that this equality takes place the sooner as the charge of 
powder is smaller. Thus, in the greatest or 3lb charge, the 
long gun’s velocity is reduced to that of the short one, when 
it has passed through only 95 yards; but in the 2lb charge, 
in the space of 67 yards; the 14lb charge in the space of 
50 yards ; and the 11b charge in the space of about 38 yards: 
which fully accounts for the small advantage in the ranges of 
shot by a considerable increase in the length of the piece ; 
and also how very subject to error any decision must be, in 
determining the velocities corresponding with certain lengths 
of piece, which is founded on their respective ranges ; since 
the irregularities in the, shot’s flight, added to the above- 
mentioned circumstance, must render them very uncertain 
criteria, in aJl cases where high velocities are concerned. 

The tables also furnish a further confirmation of the small 
advantage, in point of range, that is obtained, by increasing 
the charge beyond what is necessary to communicate a cer- 
tain velocity to the ball; since the increased resistance to 
high velocities, operates so powerfully, that it is very soon 
destroyed, or greatly reduced. 

Further, by a proper computation from the quantity of 
velocity lost in the several distances, the resistance of the air 
to a ball of 3°55 inches diameter, moving with several veloci- 
ties, will be as shown in the last table in art. 193, where it 
may be observed that the columns of resistances have pro- 
perties similar to those that have been before remarked on 
the experiments with the smaller balls; which is further re- 
markable, as, upon trial it is found, that the resistances 
against the different balls, with equal velocities, are very 
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nearly in the proportion of their surfaces, or, which is the 
same thing, as the squares of their diameters, being but very 
little higher, as might be expected. And this circumstance 
is a proof both of the accuracy or regularity of the experi- 
ments themselves, and also of the theory of the resistances of 
the medium, in this instance. 


TRACT XXXV. 


ON A NEW GUNPOWDER EPROUVETTE. 


Art. 1. In the latter part of the preceding tract, it has 
appeared that the eprouvette, which had been used, proved 
of very essential service to the success of the experiments 
there described ; so much so indeed, that, but for the use of 
it, the object of the experiments would have been in a great 
measure defeated, as no other known eprouvette could have 
been safely substituted for it, or have sufficiently answered 
the purpose in hand. It may be important here to give a 
description of the structure and use of this eprouvette, 
which may be of great and general benefit, wherever the 
quality of gunpowder is to be ascertained, as I know of no 
other machine by which that object can be effected, with so 
much ease and certainty, and dispatch; the facility and 
quickness of execution being such, that the weighing the 
parcels of the powder is the chief part of the operation ; and 
the accuracy and uniformity are such, that a number of suc- 
cessive trials do not commonly differ by more than a small 
fraction of a degree, out of an extent of 40 or 50 degrees 
on the instrument. 
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2. ‘The principle of this machine is remarkably simple ; 
being nothing more than a small gun or mortar, suspended 
on an axis, which being charged with a small quantity of 
powder, without ball, and fired, the degrees of its vibration 
or recoil are easily measured, which give the quality or 
strength of the powder. The idea of this simple and ‘accu- 
rate eprouvette was first started by the celebrated Mr. Ro- 
bins, in bis tracts on Gunnery, where he justly mentions it 
in very high terms. An eprouvette was afterwards, I be- 
lieve, made on this principle, and probably from this notice, 
by the French chemist M. Baume. It was described and 
represented, it seems, in his Chemistry, but in a form so very 
incommodious, as to render the beautiful simplicity of its 
principle of little use. My construction is totally different, 
is extremely easy and convenient, and has nothing in come 
mon with.tle former, bat Mr. Robins’s principle of an os- 
cillating recoil. 

3. The idea of this machine was suggested to Mr. Robins 
by the various experiments he made on the force of fired 
gunpowder, especially with his ballistic pendulum ; and the 
occasion of my own machine being made, was as follows. 
Having had the honour to accompany Major (now General) 
Congreve, on seyeral trials of experiments, to ascertain the 
streneth of gunpowder, by means of different eprouvettes ; 
who being commonly unsatisfied with the methods and in- 
struments employed, and being always anxious to make im- 
provements in every thing relating to the line of his profes- 
sion and duty, he was pleased to urge me, by repeated re- 
quests, to turn my thoughts to the subject of the eprou- 
vettes, and to endeavour to improve them, or to invent one, 
that might be at once, if possible, correct, as well as easy 
and expeditious in its operation. In one of our conversa 
tions on this subject, he showed me the drawing of an eprou- 
vette, which he informed me was described and represented 
in M, Baumé’s Chemistry, for the purpose of proving gun- 
powder. I immediately recognized this machine as acting 
en the same principle as that of Mr. Robins, which had 
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been published more than 40 years before ; but I soon per- 
eeived also, that Bauiné’s machine was very illadapted, both 
for convenience, and for accuracy of results. 

4. In consequence of such communications, after various 
projects and essays, [ at length succeeded to my utmost 
wishes, in accomplishing the project of a permanent eprou- 
vetté, by means of which, gunpowder may be proved, not 
only in an easy, commodious, and expeditious manner, but 
also with accuracy and uniformity of results; as has been 
verified on many occasions, by very numerous trials, and by 
the general approbation of all the most competent and dis- 
interested judges, who have been witnesses of the experi- 
ments made with it. This machine may be deseribed as 
consisting of either a small brass mortar, or gun, suspended 
by a metallic stem or rod, turning by an axis on a firm and 
strong frame, by means of which the piece oscillates in a 
circular arch. A little below the axis, the stem divides into 
two branches, reaching down to the gun or mortar, to which’ 
the lower ends of the branches are firmly fixed, the one near 
the muzzle, and the other near the breech of the piece, 
The upper end of the stem is firmly attached to the axis, 
which turns very freely by its extremities, in the sockets of 
the supporting frame ; by which means the gun and stem vi- 
brate together in a vertical plane, with a very smali degree 
cf friction. ‘The piece is charged with a small, but proper 
quantity, of the powder to be proved, without any ball, and 
then fired; by the force of which tlie piece is made to re- 
coil or vibrate, describing an arch or angle, which will be 
greater or less, according to the quantity or strength of the 
powder. . 

5. ‘To measure the quantity of this recoil or vibration, 
and consequently the strength of the powder, a circular bra- 
zen or rather silvered arch, of a convenient extent, and ofa 
radius equal to its distance below the axis, is fixed against 
the descending two branches of the stem, and craduated into 
divisions, according to the purpose required to be answered 
by the machine, viz, into equa! parts, if we would know only 
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the angle of vibration, as measured by the simple equal de~ 
grees of acircle; or into unequal parts according to the chords, 
or to the versed sines of the ares, to measure either the ve- 
bocity of the vibration, or the force and strength of the pow- 
der: the arch in my instrument had all those three scales of 
_ divisions on it. The divisions in these scales, answering to 
the angle of any recoH, are pointed out by a concentrie in- 
dex, fitted on the axis af vibration, by means of a round hole 
or socket, with which it Bayh pretty closely the round 
part of the axis of the stem, but capable of being turned ea- 
sily about it by the hand. By means of a spring, the round 
end or socket of this instrument is pressed sideways, along 
the direction of the axis, always moderately tight against the 
socket of the stem, which is firmly brazed to the same axis ; 
thus connecting the index and. the stem slightly together ; by 
which means, these two always vibrate in conjunction with 
the arch, unless when the index is stopped by some obstacle. 
When the machine is at rest, and the index brought to point 
to the beginning of the divisions on the arch, an additional 
piece fixed on the index bears against a stop-bar, fixed across 
the frame of the machine; so that, when the powder is fired, 
the gun and arch together vibrate backwards, Jeaving the 
index at rest, bearing still against the stop, and the divisions 
of the arch passing by it, till the gun has recoiled to the ut- 
most extent that the force of the explosion can impel it: 
then, returning again, it brings the index along with it (be- 
cause of their friction in consequence of the pressure of the 
spring) still pointing to the proper recoil division on the arch, 
showing the extent of the vibration; which, on gently stop- 
ping the vibrations, is easily read off, and. noted down 

6. ‘Fhe circumstances which are peculiar to this eprou- 
vette, and by which it differs from all others, as far as known 
to me, are as follow. 

Ist. The convenient manner of placing the arch, which 
measures the recoil, below the axis of the machine. 

2nd. The divisions on this arch being made, not only 
according to equal degrees, but also according to the chords 
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and versed. sines of the recoil, by which the true propor-_ 
tions of the velocities of balls, or the strength of powder, is 
shown. 

3rd. The manner of applying the index, making it bear 
with a gentle pressure against the side of the socket of the 
stem, by means of a spring, and fixing it by a stop, while 
the gun and arch make the first or greatest vibration back- 
wards. 

7. Inthe course of the year 1783, I procured to be exe- 
cuted in London, by skilful artists, under my direction, two 
of these eprouvettes. The first was a small model in brass, 
with a small gun of about 6 inches in length; which, not- 
withstanding the diminutive size, performed very satisfacto- 
rily, being charged with proportionably small quantities of 

owder. The other was a machine executed in wood, and of 
the full intended size, the gun nearly 2% feet inlength; being 
intended te serve as a pattern, by which to construct the 
laree machine in metal. Both these machines were placed 
in the grand Artillery Repository, under the care of Major 
Congreve, in Woolwich Warren, now called the Royal Ar- 
senal. From this wooden pattern, the complete machine 
was soon afterwards constructed in metal, in Major Con- 
greve’s office, at my request, by order of the Duke of Rich- 
mond, then Master General of the Ordnance; who was also 
pleased to give orders that it should undergo proper trials, 
and the results to be reported to him; which was done ac- 
cordingly, with very general satisfaction and approbation, 
by the board of field-officers. This machine, after many 
useful experiments had been made with it, was also placed 
in the Repository, beside the former models, to be in readi- 
ness for use on any occasion that might occur; but where 
they were mostly destroyed, together with most of the other 
contents, when that noble institution was unfortunately con- 
sumed by fire in the year 1802. I trust however that a new 
one may have been since constructed, and placed in the New 
Repository in the Barrack Field, as a substitute for the for- 
mer, for the good of the service. 
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- §. Construction and Description of the Vibrating 
Eprouvette. 


Plate 3 shows the machine, and its several parts, in various 
positions, as fitted up with a brass gun, the length of which 
was 271 inches, the diameter of its bore being 1°7 inc. and 
consequently capable of receiving an iron ball of near 114 
ounces in weight: the dimensions of all the other parts may 
be measured by means of the annexed scale of feet and 
inches. Inthe plate, fig. 1 exhibits a side view or elevation 
of the machine at rest, with its stand or support. | Fig. Qisa 
front view of the same; fig. 3a perspective view, with the 
gun having vibrated backwards ; fig. 4 is an orthographic 
projection of the frame or stand, as seen by an eye placed 
vertically over it; and fig. 5 shows some of the parts sepas 
rately. 

Fig. 1 then exhibits the manner of suspending the gun by 
its axis; of connecting it to the two steel branches a, 0, of 
the stem; as also of the quadrant cd, to the sane, with its 
index feg; where eg is the part of it which rests upon a stop 
or small bar (Al in fig. 4) fixed across the upper part of the 
stand. 

In fig. 2 are seen some of the same parts, with the steel 
axis ii, upon which the gun and arch vibrate. 

In fig. 3 are seen the same things, each denoted by the 
same letters as in all the other figures. 

In fig. 5 are exhibited the steel axis Az, the axis, feg, of the 
arch, with the part or arm eg, which rests on the stop part 
ki, to prevent the axis from recoiling back with the gun in 
the first vibration, and having two open notches near the end 
J, for viewing the different lines of divisions on the limb of 
the arch: m, m, show the socket and spring, for producing 
the gentle pressure of the socket e of the index, against the 
socket o of the axis, by means of the key p behind it. 

9. ‘Though the machine is here represented as fitted up 
with a small gun, it is to be understood that it may be equally 
well made with a small mortar, or a very short gun; which 


— - 
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will probably be more convenient in several respects, as the 
shortness will render it easier to load and clean, as well as 
more commedious in the act of vibrating ; besides, the action 
of the fired gunpowder on it may be ohustteted as only one 
single impulse, in which case the strength of the powder may 
be considered as proportional to the velocity given to the 
piece, and which therefore will be proportional to the chord 
of the angle of vibration, and may thus be measured and es- 
timated by it; and hence this one line of divisions only, 
viz, the line of chords, is all that may be necessary to be 
drawn upon the limb of the arch. 


10. Zo construct the line of Chords on the Arch. 


The radius ef, of the arch to measure the vibration, it may 
be convenient to make of about 12 inches in length; and 
the extent of the arch itself cd, about a quadrant or quarter 
of the circle. From the centre e, with the radius of 12 inc. 
suppose, scratch a quadrantal are, along the face ed of the 
instrument, upon which arc the lengths of all the chords are 
to be laid down, the divisions of which will not be at equal 
distances, or of equal lengths, after the manner of the equal 
degrees on arches, but will continually decrease from the 
beeiuainat where they are largest, all the way to the end, 
where they are smallest. Probably the best way of laying 
down the divisions, will be as follows: 

Take in the compasses the whole extent of the quadrantal 
arch, from the beginning at c, to the end at d, having mark- 
ed those two points, either by dots or short transverse lines. 
Lay that extent, which will be the chord of 90 degrees, upon 
a straight line, drawn on some plate of metal, or other hard 
and smooth plane surface. Divide this right line into as 
many equal parts, as the divisions of the intended chords on 
the arch are intended to be, as for example 100 parts, which 
will probably be a convenient number, or sufficiently nume- 
rous. Then transfer these divisions, from the beginning of 
the line, to the arch, always from the beginning at ¢, to 'the 
extent that each may reach to along the arch, observing that 
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every chord must commence at the point c; viz, first lay off 
every 10th diyision in the following manner: Take the ex- 
tent from the beginning of the line to the 10th division, and 
transfer it to the arch, ‘by placing one foot of the compass 
on the beginning at ¢c, turn the other round to the arc that 
was described, sich which make there a mark, for the 10th 
chord division, Next take with the compass the extent of 
the first 20 from the divided line, and transfer it to the arc 
from the beginning at c. In like manner transfer all the 
other extents of complete tens, viz, 30, 40, 50, 60, 70, 80, 
90, each extent from the beginning of the arc and of the di- 
vided line. In the same way transter any of the intermediate 
series from the divided line to the described arc, every ex- 
tent always commencing at the beginning of the line and arc, 
as the series 5, 15, 25, 35, K&c, to 95. After the same man- 
ner let all the other intervals, from the beginning of the line 
and arc, be transferred, as 2, 4, 6, 8, &c, to complete the 
division of the are to every 2 on the chords; or the whole 
series 1, 2, 5, 4, &c, to complete it to every single unit of 
the chords, if the space will allow of such minute divisions : 
lastly, number the divisions at every 5, with the numbers, 5, 
10, 15, 20, 25, &c, to 100, which will complete the arch to 
measure the velocity of the recoiling gun, and the strength 
of the fired powder. 


11. Remarks and Directions for using the Eprouvette. 


This eprouvette, it may be remarked, is not confined to 
any one particular size, or even shape, as it may be either a 
short cannon or a mortar, the latter probably the best ; and 
these may be either small or large. The present instrument, 
with a small cannon, is to be considered only as a model of 
the cannon sort, to o used and charged with 2 or 3 ounces 
of powder, and with which a multitude of experiments have 
been made, with perfect satisfaction; the results, even from 
this size, being remarkably regular. If it be desired to try 
large charges, then a larger mortar or gun may be employed 
in the sane way; but the present small one is quite sufficiently 
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accurate and regular. Though the experiments that have 
been tried with this eprouvette, have mostly been made 
with 2 ounces of pewder, as a convenient medium charge ; 
yet it is equally accurate with either more or less than that 
quantity ; and it isremarkable that it shows the slightest va- 
riation that has been made, either in the strength or the quane 
tity of the powder. 

The instrument is so expeditious, simple, and: easy in 
practice, that any common soldier, or other person, can 
learn the use of it completely in five minutes, employing it 
with safety and expedition, and setting down a register of 
his trials. So that, we have thus united in the same machine, 
the valuable qualities of accuracy, uniformity, ease, and ex- 
pedition, * 

The machine can easily be made too by any artist, from 
the preceding description of its construction. Or it can be 
executed at home, and sent to distant places, namely, the 
small parts of it, and there fixed to any small mortar or swi- 
vel gun. 

In the use of this instrument, for the constant regular 
practice of proving gunpowder, a certain ‘mark or number, 
of the divisions-on the arch line, may be fixed on, as a 
standard for the strength of the powder: which mark, or 
number of divisions, may be ascertained by charging it with 
any powder of approved strength or quality. And when 
once that mark or number is known, the machine will uni- 
formly rise to the same place, at every trial, either accurate- 
ly, or within a small fraction, with the same quantity and 
strength of powder. But should any other quality of pow- 
der be used, the machine will show the difference in its 
streneth, with the utmost nicety, whether above or below 
the proof, ‘ ; 

12. Yo practise with this eprowvette; charge it with two 
ounces, or any greater or less quantity of powder, put in 
loose, without using any bag or cartridge, and without any 
ball, in the following manner, Pour the. powder carefully 
into the ladle; then, as the piece hangs at rest in the hori- 

VOL. III. M 
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zontal position, introduce the ladle with the powder carefully 
into it, to the very bottom of the bore; as the ladle lies in 
this state, let an assistant push the gun gently forward a lit- 
tle, to raise the muzzle higher than the breech, and while he 
supports it in this position, turn the ladle of powder half 
round, to let the powder drop all out in the bottom of the 
bore; after which, draw out the ladle, and introduce the 
other or flat end of it, with which press the powder lightly 
all together in the bore, and then let the gun gently down 
again into the horizontal position. 

13. After the gun has been thus charged with the pow. 
der, and before firing it, the index must be set exactly to the 
beginning of the divisions on the arch. This is done, by 
first setting it near the mark with the hand, and afterwards 
bringing it exactly to it, by means of a screw in the other 
end of the index, above the stand of the machine at g, in 
this manner: with one hand press the upper or screw-end of 
the index down upon the bar of the stand, and at the same 
time with the other hand turn the screw backward or for- 
ward, and you will perceive the lower end of the index at f, 
by that means, move slowly backward or forward, till it 
come exactly to the beginning of the divisions. 

14. Before firing the powder, observe to have the socket 
of the index e, which fits upon the horizontal axis of the ma- 
chine, always pressed to it with a moderate degree of fric« 
tion; so that it may not sensibly obstruct the vibratory re- 
coil of the gun, and yet that the index may keep any posi- 
tion you give it, without slipping from the arch or the axis, 
as the gun returns again from the first vibration. . 

15. After the piece has been charged ‘with the powder, 
and the index set exactly to the beginning of the divisions 
on the arch, as before described, it is to be fired by means of 
a thread of quick-match in the following manner: take 
about 8 or 4 inches ef fine quick-match, and introduce one 
end of it into the vent till it touch the powder in the b 
Jeaving the remainder to hang loose on the outside; then 
set fire to this with the port-fire, plucking this quickly away, 
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lest it should be struck bygthe stem that aeanie the. gun, 
which would somewhat check the recoil. After the gun re- 
turns from the recoil, stop the vibrations gently, without 
touching the index, and look what division on the arch the 
index points to, or stands at, which number will show the 
strength of the charge. For more satisfaction, the same fired 
charge may be seiewiied two or three times, and the medium 
of all the numbers taken for the strength of the charge. 


TRACT XXXVI. 


RESISTANCE OF THE AIR DETERMINED BY THE WHIRLING» 
MACHINE. 


% 


Art. 1. THe method of determining the resistance of 
thé air, as detailed in Tract 34, by firing cannon balls into 
the ballistic pendulum, it was found by experience could 
only be practised with the higher velocities; since, with those 
that are below 300 in a second, the balls could hardly evér 
be made to lodge in the block, but rebounded back, and thus 
defeated the success of the experiment. To get the resist- 
ances then to the smaller velocities, I had recourse to another 
method, viz, to that of Mr. Robins’s whirling-machine, one 
of which I was fortunate enough to meet with regdy made, 
being probably the identical one with which he made his ex- 
periments, or at least it was made by the same workman, - 
under the directions of Mr, Ellicot. e 

2. With this machine, Mr. Robins made many experi- 
ments before the members of the Royal Society, with the 
view chiefly of confirming these two propositions: ‘ Ist, 

M 2 ; 
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That the resistance of the air to a 12lb iron ball, moving 
with a velocity of 25 feet in a second, is notiless than half an 
ounce avoirdupois. 2dly. That the resistance of the air, 
within certain Jimits, is nearly in the duplicate proportion 
of the velocity of the resisted body.” This machine is de 
scribed in the first volume of his Tracts, page 202, &c; 
whence I shall here borrow the description, nearly in bis 
own words, ; 

8. The two propositions above-mentioned, Mr. R. there 
says, ** are in themselves neither unknown nor doubtful ; 
but yet, as they are the basis of some other assertions, 
which have been hitherto constantly contested and denied, I 
thought it requisite to evince their veracity by more unques- 
tioned and simpler methods, than have been hitherto prac- 
tised: for this purpose, I therefore caused a machine to 
be made of the form represented in plate 4, which was 
most excellently executed under the direction of Mr. Elli- 
cot, and was completely fitted for the use intended, by 
many contrivances, some of them not shown in the drawing, 
nor necessary to be particularized in this place. For, it is 
sufficient, for the purpose of the following experiments, to 
describe its general fabric, by observing that BeDE is a brass 
barrel moveable on its axis, and so adjusted by means of 
friction wheels, which are not represented in the drawing, 
as to have no friction worth attending to. ‘The frame, in 
which this barrel is fixed, is so placed, that its axis may be 
perpendicular to the horizon. The axis itself is continued 
above the upper plate of the frame, and has fastened on it a 
light hollow cone arc: from the lower part of this cone 
there is extended a long arm of wood Gu, which is very 
thin, and cut feather-edged, and at its extremity there is a 
contrivance for fixing on the body whose resistance is to be 
investigated, as here the globe P; and, to prevent the arm 
GH from) swaying out of its horizontal position, by the 
weight of the annexed body p, there is a brace an of fine 
wire fastened to the top of the cone, which supports the end 
of the arm. 
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«* Round the barre! scp there is wound a fine silk line, 
the turns of which appear in the figure, and after this line 
has taken a sufficient number of turns, it is conducted hori- 
zontally to the pulley b, over which it is passed, and then a 
proper weight Mo is hung to its extremity. If this weight be 
left at liberty, it is obvious, that it will descend by its own 
gravity, and will by its descent turn round the barrel BcpE, 
together with the arm Gu and the body P fastened to it. 
And while the resistance on the arm Gu and the body P is less 
than the weight m, that weight wiil accelerate its motion, 
and thereby the motion of GH and Pp will increase, and con- 
sequently their resistance will increase, till at last this resist- 
ance and the weight m become nearly equal to each other. 
The motion with which m descends, and with which the body 
p revolves, will not sensibly differ from an equable one. 
Whence it is not difficult to conceive, that by proper obser- 
vations made with this machine, the resistance of the body P 
may be determined. 

4. ** The most natural method of proceeding in this in- 
vestigation, is as follows. Let the machine have first ac- 
quited its equable motion (which, as will hereafter appear, 
will be usually attained in 5 or 6 turns from the beginning) 
and then let it be observed, by counting a number of turns, 
what time is taken up by one revolution of the body Pp; then 
taking off the body p and the weight M, let it be examined, 
what smaller weight will make the arm Gu revolve in HG 
same time, as when Pp was fixed to it; this smaller weight 
being taken from m, the remainder is obtiailate equal in ef- 
fort to the resistance of the revolving body P; and this re« 
mainder being reduced in the ratio of the length of the arm 
to the semi-diameter of the barrel, will then become equal 
to the absolute quantity of the resistance. And as the time 
of one revolution is known, and consequently the velocity 
of the revolving body; there is thereby discovered, the ab- 
solute quantity of the resistance to the given body Pp, moving 
with a given degree of celerity. 

5. ** And note, that to avoid all exceptions, I have gene- 
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rally chose, when the body p was removed, to fix in its stead 
a thin piece of lead of the same weight, placed horizontally; 
so that the weight, which was to turn round the arm GH 
without the body p, did also carry round this piece of lead. 
This I did, lest it should be objected that the body p retard- 
ed the weight m by its quantity of matter, as well as by its 
resistance. But mathematicians will easily allow, that there 
is no necessity for this precaution. 

6. ‘* The measures of the parts of this machine, were as 
follow: 


- Inches. 
‘¢ The diameter of the barrel pcpg, and of the silk 

string wound round it, was - - - = = - = = 206 
“ The length of the arm cu, measured from the 

* axis to the surface of the globe p, was = - - = - 49% 
‘‘ The body p, the globe made use of, was of paste- 
board, its surface very neatly coated with marble pa- 
per, and was not much distant from the size of a 12Ib 

shot, being indiameter - - - - - = - - - 45 
<< So that the radius of the circle described by the 

centre of the globe, was) - = = - - = = = = 51°75 


7. ** When this globe was fixed at the end of the arm, and 
a weight of half a pound was hung at the end of the string 
‘at M; it was examined, how soon the motion of the descend- 
ing weight m, and of the revolving globe p, would become 
equable as to sense. And with this view 3 revolutions being 
sufiered to elapse, it was found, that 
The next 10 were performed in - 27°32 
20 in lessthan - = = 55 
SQ in) oi /+ 8) ig lS BRE 
So that the first'10 were performedin 273. 
Qnd 10in'- - = - = 272 
8rd 10in - = = = = 27 
‘ These experiments sufficiently evince, that even with 
half a pound, the smallest weight hereafter used, the motion 
_of the machine was sufficiently equable after the first 3 revo- 
lutions. ve - 


/ 


: 


TRACT 36, _ THE WHIRLING-MACHINE. 167 


g. “* And now, to prove the two forementioned proposi- 
tions, the following experiments were made; the times mark 
ed down being observed by several stop-watches, which rare- 
ly differed half a second from each other. 

“< The forementioned globe being fixed at the end of the 
arm, there was hung on in the situation M a weight of 3zlb, 
and 10 revolutions being suffered to elapse, the succeeding 
20 were performed in 212. 

** Then the globe being taken off, and a thin plate of lead, 
equal to it in weight, placed in its room; it was found, that 
instead of 31lb, a weight of 1lb would make it revolve in 
less time than it did before, it performing 20 revolutions, — 
after 10 were elapsed, in the space of 19 seconds. 

‘* Hence then it follows, that from the 34lb first hung on, 
there is less than 11b to be deducted for hie resistance on the 
arm, and consequently the resistance on the globe itself is 
not less than the effort of 2lb in the situation mM; and it ap- 
pearing from the former measures, that the radius of the bar- 
rel is nearly =4, part of the radius of the circle described by 
the centre of the globe; it follows, that the absolute resist- 
ance. of the globe, eehats it revolves 20 times in 21”3 (which, 
if computed by the measures given above, comes out a ye- 
locity of about 25+ feet in a second) it follows, I say, that 
the resistance of the globe in this case is not less. than the 
go part of 21:lb, or than the =4, part of 36 ounces: and this 
being considerably more than half an ounce, and the globe 
being nearly the size of a 12-pounder ; it irrefragably con- 
firms our first proposition, ‘ That the resistance- of the air 
to a 12lb iron bullet, moving with a velocity of 25 feet in a 
second, is not less than half an ounce ayoirdupois.’ 

9. ‘* The next experiments were made with a view of 
examining the 2nd proposition. And, for this. purpose, 
there were successively hung on, in the situation M, weights 
in the proportion of the numbers, 1, 4, 9, 16; and letting 
10 revolutions first elapse, the observations on those that 
follow, were as folios ° 
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¢ With 1lb, the globe went 20 turns in 54” 

that is, it went 10 turns in 272 
With 2lb, it went . . 20 turns in 272 
With 42:lb, itwent . . 30 turns in 272 
With slb, it went . . 40 turns in 274 

¢ So that it appears, that to the resistances of the propor- 
tions of the numbers 1, 4, 9, 16, there correspond velocities 
of the resisted body, in the proportion of the numbers 1, 2, 
3, 4; which proves with great nicety, within the limits of 
these experiments, the 2nd proposition, ‘ That the resist- 
ance of the air, is nearly in the duplicate proportion of the 
velocity of the resisted body. That is, it is 4 times as much, 
when the-resisted body moves with twice the velocity ; 9 
times as much, when it moves with 3 times the velocity, and 
so on’.” 

10. Having thus given Mr. Robins’s description of the 
whirling-machine, and the experiments that he performed 
with it, which will serve sufficiently to bring us acquainted 
with the nature of it ; proceed we now to take account of 
my own numerous and varied experiments made with the 
same, in the years 1786 and 1787. The machine having 
been cleaned, and put in proper order, so as to cause it to 
act very perfectly; I procured to be made three hemi- 
spheres of pasteboard, of different sizes ; both to try the re- 
sistance to bodies of different magnitudes, and the difference 
of resistance between the plane circle and the convex side 
of the hemisphere. The weight and dimensions of these 
three hemispheres were as below.., 


—— 
é ‘Diam. Area of circle, in Weight. 
ATES peerage mane vena grag 


4b ava Paes fers 

2)51 | are} fs | 211 

316375} 320} 2 14 3 
Having made also three small and thin bits of lead, shaped 
feathersedged, to fix on the arm in a horizontal position, 
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when each hemisphere was taken off, to find the resistance 
to the arm, and to obviate any objections, for the same rea- 
son as Mr. Robins had done before; the arm was fixed on, 
with the brass wire, strained from the top of the axis to the 
end of the arm, to sustain it in the horizontal position. 4 


May 1, 1786. ; 


11. Began to take the necessary dimensions of the parts of 
the machine. Measured the diameter of the axis two different 
ways, and each way several times: over, taking a mean of 
them all. One way was by means of a sliding shot-gage, 
which measured diameters very nicely to hundredths of an 
inch, by taking the diameter between two parallel arms, 
rate to slide Swe a stem, divided into inches and 10ths, 
and these into 10ths again, or the whole into 100ths of 
inches, by means of a nonius. In this way I took, several 
times over, and always the same, the diameter of the bare 
cylinder, without the silk thread wrapped, and then again the 
-diameter including the silk thread on both sides, which is 2 
diameters of the thread more than the bare cylinder; viz, 

Diameter of the cylinder alone . ... . 2°06 inc. 
. Ditto and double diam. of the thread . . 2:11 

Theref. diam. of cy]. and 1 diam. of thread 2°085 

And radius to middle of the thread . . 1°042 

The other way was, by making the machine turn round 
exactly a certain number of times, and measuring the space 
descended by a weight at the end of the thread, as it un- 
wound from the cylinder; then the space so descended be- 
ing divided by the number of turns, gave the length of one 
round or circumference of the cylinder and thread ; and this 
again divided by 3°1416, gave the diameter of the cylinder 
and thread included. This operation being often repeated, 
and always nearly the same, the medium of all gave for the 
diam. of cyl. and thread 2°092, therefore the radius of the 
same is 1046, which is only ‘004 part of an inch more than 
that by the former method ; and the medium of the two is 
1°044, 
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May 2, 1786. 
Barometer 30°05; Thermometer 51. . 


12. Measured from the axis of the cylinder to the centre 
of each hemisphere, when fitted on the arm, and found them 
as below, on the line of radii; thence are found the follow- 
ing lines of circumferences, &c. 


» 


N° 1. N° 2, N’ 3. 

Inc. mc, : nec. 
Radii-s 7°) eSon4g 8! 52°74 53°34 
Diams. . . 104°84 105°48 106°68 
Circum. 2.0.8 29°36 331°38 335°14 
Ditto feet .° 27°47 27°62 27°93 
Ratio of radii 50°2 50°5 CS Ue | 


The last line being the ratio of each of those radii to that 
of the barrel and thread 1:044, or the former divided by the 
latter. : 

The hemisphere n° 3 was then fitted on, and actuated by a 
small weight of only -139z, or loz 12dr, that is 130z-sus- 
pended at the end m of the thread; opposing first the round 
side to the air, and then the flat side; when the number of 
rounds, and corresponding times, were observed as follows, 
both now, and in all the other experiments, by stop-watches, 
and a peculiar clock made for the purpose. 


‘ 
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Hemisphere n° 3, with Weight atm = 28 dr = 1.oz 12 dr. 


| 


lane Side Foremost. Convex Side Foremost. 


| Turns Tams | Time | Dini. Time Diffs, | Turns Time Diffs, 
MMi hie | 4h bila Tae Hat 
Ps [omy be re | ae 
Stee 19 | i | 35 
pt a 1 6 is | g 212 45 
bia cite " Qd 18 12 2 47 35 
Lo wd oye: ae Lee 15 3 22 
9g Md i Ath aa 
Lyioght fins: 18 ACER ; . 
) 7 cathe 13 3 35 
PONS PHBON HG oe I ¥i24 
ew. 39 wlohe wel z. i Be 
| 10 3.125) 19° |/2°349 ft. | 1 
| 3 Bon wes Note, that the resistance 
/ yay AePs ili of the armis still wanted to | 
| 14 224 IT | be deducted from these re- 
| | || sistances, and then to be 
: ; is | reduced from the circum- 
elie ae | ference of the barrel to the 
tor 1°559 f€. | ] 


- centre of the hemisphere. 


In these tables, the first column contains the number of 

- turns made by the arm; the 2nd the corresponding times 

anes from the beginning ; and the 3rd shows the differ- 

ences of those times, answering to the differences of the turns 
in the fx st column. 


May. 3, V186. 
Barometer 29°63; Thermometer 51. 


13. Fitted on the arm the thin bit of lead only n° 3, of the 
same weight with the largest hemisphere; and after some 
time spent in levelling the instrument, (which was always 
done) suspended diferent small weights at the end of the 
thread, to discover which weight would give to the arm the 
same velocities as it had on the dav before, when the hemi- 
sphere was on. It was found that it required about 10 drams 
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just to overcome the friction and vis inertia, and give a small 
motion to the machine. With 12 drams the average of the 
turns was from 114 to 12” each, being nearly the same velo- 
city as the convex side of the hemisphere had with the 
weight of 12 drams. But with the weight of 1 oz 8 dy 
— 24 dr, the average turn of the arm this day was made in 
about 6”. Here then each turn is made in about 12” with 12 
dr weight, and in about 6” with 24 dr; that is, in this case, 
the double weight carries it about in nearly half the time. 
And hence it may be inferred, that a weight of about 8 dr 
would carry it round once in 18”, being the time of revolv- 
ing the day before, with the plane of the circle foremost. 

Hence then 16 dr or 1 0z, which is the difference between 
28 and 12, is the reistance of the air, measured only at 
the circumference of the barrel, against the convex side of 
the large hemisphere, moving with a velocity of 2°394 feet 
in a second; and 20 dr, or 14 0z, being the difference be- 
tween 28 and 8 dr, is the relative resistance of the air 
against the plane side, moving with a velocity of 1°552 feet. 
per second. And each of these divided by 51:1, will give 
the absolute resistance acting at the centre of the body. 


May 4, 1736. 
Barometer 29:47; Thermometer 51. 


14. Tried several weights actuating the hemisphere, with 
the plane side foremost, to give it the same velocity as on the 
2nd of May, with the convexity foremost, viz, the medium 
of 1 turn in 112 seconds. In each trial, the motion became 
uniform after the first two or three turns; after which, it 
was permitted to go 12 times round, and the time noted 
down at every round. The differences of these times com- 
monly agreed with the mean time, to half a second or less. 
But the mean time itself was very accurately obtained, by 
dividing the whole observed time of the equable rounds, by 
12, the number of them. Which operations, with the times 
and weights employed this day, are as follows. 
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Actuating iime of | ‘Lime of 


. weights 12 turns 1 turn 
oz dr 
g 18 158” be! 
9°" or | 1465 |} ee 
2 10h] 142 11 3 
2 11 1412 | 113 
2 12 140 113 


Hence then, with the velocity of 1 turn in 112 seconds, 
the arm and plane side of the body are resisted with the 
force or weight of 2 oz 12 dr; but, on the 2d of May, the 
Tesistance to the arm and round side of -the body was 1 oz 
12 dr; and, on the 3d of May, the resistance to the arm 
alone was 12 dr; all with the same velocity nearly. Sub- 
tracting now 12 dr, the resistance on the arm, from each of 
the other two, there remain 2 oz for the resistance to the flat 
side, and 1 oz nearly for that on the convex side; the latter 
being nearly the half only of the former, and therefore, in 
this case, nearly agreeing with the theory. 

Dividing now this 2 oz by 51°1, the ratio of the radii of 
the barrel and centre of the body, there results a= "039 oz, 


for the absolute resistance of the flat surface of a circle, 
moved perpendicularly through the air, with a velocity of 
2°394 feet in a second, the area of the circle being 32 square 
inches, or 2 of a square foot, 


May 8, 1786. 
Barometer 29°66 ; Thermometer 56. 
15. Tried several different weights, to bring the large 
hemisphere flat side, also the arm without it, to revolve each 
time in 10seconds, Then again, the same body, both sides 


foremost, and the arm ative: all in 8 seconds, each turn: 
The particulars are as follows, 


é 4 
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For iU seconds, ____ For 8 seconds. | 
Weights bu ae mee Saly Weights Plane |Round} Arm 
12 turns jl turn{1@ tas 1 tn side | side jalone 
oz dr . 
8-0 14.0” 108 4 af 4 10 g" uw 
§ 2| 126 | 10¢ Gn iGaw ? 
3 4 | 193 | 102 8 0} 6 
3 51} 120 | 10 2 2 10 
1 0 108|'9 | 2 14 8 
O 14 W922 8 
0 15 | 120! 10 | 1. 8 6 


D 


In the latter of these two tables, the first column shows 
the actuating weights, and the other three columns the num+ 
ber of seconds, at a medium, in which 1 revolution was - 
made, with each of the two sides of the hemisphere, and the — 
lead alone. 

Now, by deducting each weight without the hemisphere, 
from the corresponding weight with it, there remain the 
weights for its two sides, as below. 


For 10 see. For 8 sec. 
(am int ~ (Ha 
gee ee 4.10. *2 44 
O15 0 15 | aah: Live 
Rotpe ay i, me cgi pe ebibg ie 


Where the former is nearly double of the latter, in each 
ease, agreeably to theory. 
May 9, \'786. 
Barometer 29°56; Thermometer 55. 


16. Used the large hemisphere with the round side fore- 
most. The weights and times of each revolution as below. 


Weight | Time || Weight | Time | Weight | Time | Weight | Time 

Bene) Pah 
oz di |} sec. || oz dr | sec. |} oz ar sec. || oz dr { sec. 
4°10], 581 6 07 428 °F 191,.44 aay Bo. 
4 9/5316 5) 42 | 8 I} 44%] 12 10] 33 
411) 5£ |] 7 0] 42 1 11 5/32 ]13 Of} 32] 
548 | Soda 81 Abe OT Bee 


- a 
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May 10, 1786. 
‘ Barometer 29°60; Thermometer 


17. The large hemisphere with the round sideagain. The 
motion was always uniform after the first or second turn. 
The number of turns always 15, and the mediam of the last 
12 uniform turns is set down here below opposite the cor- 
responding weights, the same as was done every day, and 
the titles of the columns being the same as in the foregoing 
table. 


| Weight | Time Weight /|Time | Weight lTime | Weight | Time 
|| a Pepe iais e. af 
Bz dt’ | sec oz dr | sec || oz dr | sec jj oz dr | sec 
ase BY) 45, raves 3a | 13 12 rx) 15.8 | 243 
8 8 | 4,]/ 10. 1/348, || 14 0|3 16 0 |2,% 
812) 4° || 10 8/3] 14. 513 16 8 | 2.9, 
So O aah bl 4 Oil Sere ela hO See th. O ee 
Ja G | see tS). 8b 55h.) 15 70.) See elt Bo) 2, 
May 11, 1786. m 


Barometer 29°64; Thermometer 60. 


18. The large hemisphere again with the round side: 
every thing else as on the last day. 


Wt. | Time |} Wt. | Time || Wt. | Time || Wt. Time:| 


_—— 


2 es - 


¢ OZ sec OZ see oz sec OZ sec 
18 | 2°67 | 28 | 2:12] 38 |1-79] 58 | 1-46 
19 |2:58 | 29 | 2:10] 40 | 1°75 | 60 | 1°42 
90 12°50 30 }a- | 42 | 4-751 64 | 1°38 
21 \2-424 31/2 | 44 | 1-671 68 | 1°33 
90 19-42 || 32 | 2. | 46 | 1-581 72 | 1-29 
23 12:33 | 33 11-92! 48 | 15411 76 | 125 
24 12-25 1) 34 | 1-92) 50 | 1-541] 80 | 1-21 
25 |2:95 11 35 11-83) 52 | 1-501 Sa | 117 
96 19:25 || 36 | 1-83 | 54 11°50 || 88 | 117 
97 121711 371 1°83 || 56 | 1-50 |] 92 | 1:13 


With the next weight, viz, 96 ounces, the silk thread broke 
twice: so that 96 oz, or 6lb, was just the limit of its strength. 
It was not woven, but only a twisted cord, framed like a rope, 
of 3 strands; and was of +1, of an inch in diameter. 


following experiments. 
as before, on the Ist of May, the dimensions came out as 


° 
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May 15, 1786. 
Barometer 30°27 ; Therometer 62. 


19. Procured a stronger silken cord, and applied it to the 
By measuring the diameters, &c, 


below. 


Diameter of cylinder alone 2°06 

Ditto and 1 diameter of thread 2°086. 
Ditto by descending weight . . 2°088 
Medium of both ways, is . . . 2°087 


Theref. the radius is as before . 1:044 nearly. 


Then continued the last experiments, by increasing the 


actuating weight, from where they left offthe last day, with 
the convex side, as below. 


Weight | Time | Weight Time |} Weight | Tim | Weight | Time 
OZ sec. || 02 sec. 0Z sec. OZ sec. 
96 12 108 | 1°04 116 1 124 1 

100 | 1°08 112 | 1°04}; 120 1 128 | 0°96 

104 11°05 | 


So that 120 oz may be presumed to give 1 turn in I sec. 


The same continued still with the round side. 


oz dr }.sec. || oz dr sec. | oz adr | sec. / 02 dr sec. 
4°10 4°53 eer d Ose A heal O) 2 in Dal AO? 
8 | 5°9 GA.7-0| 9 4.1 15 6 
6 | 6-0 Bild 8 9.6 data 8 
4: 1 2 3 7 8 114 );11°1 
2 2 0) 5 6 #41 133 3 
O ol. 2 615 6 Sot 113 6 
3 14 4. 14 a 4: 3 1 12s 9 
12 6 13 8 | g 6 el laa ae 
10 7 12 9 2 7 L lit 6 
8 8 Vr 8:0 1 9 1 "114430 


Note, That the machine made always 15 turns, and the 


time of each turn was carefully noted, ‘Then the time of the 
5th turn being taken from that of the 15th, left the time of 
10 turns; and this by pointing off the first figure for a deci- 
mal, gaye the time of 1 turn registered in the table as above, 
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20. May 16, 1786. 
Barometer 39°14; Thermometer 61. 
Began with the flat side of the large hemisphere, in order 
to go regularly through all the intervals of rotation, from 12 
sec. to | sec. 


Time {| Weight | Time |} Weight 


Weight | Time | Weight Time | ° 

oz dr sec. Sec. oz dr sec. yf oz dr sec. 

2°10 -{13+1 12°Vi 3° O; FTP aa Ss 64 PLOrS 
102] 12°7 11°9 ] 11-2 8 110°3 
thi fi2*s J1°8 2.1:10°9 10 {10°0 

be eas 1123 11°6 4 | 10°7 12 


21. May 17, 1786. } 
Barometer 30°00 ; Thermometer 60. 


13 14; 93 |} 412183 |} 510; 75 | 6 8 | 6F 
14 0] 91 14 | 8-2 1 eh 12 | 6°6 
| 219:0 || 5.0] 81 144-72 1 P04 65 
fe *41 8-9 21,79 16 0} 71 4 | 63 
p~6 | -8°7 4 | 78 AM head SAO eoediand ss bea 
L iMg ts 6 | 17 4; 69 |” 12 | 6-0 
| Yolss | 8-4 76 6\o8 | 8 0} 60 


22. May 18, 1786. 
Barometer 30°13; Thermometer 61. 


gs 4] 60 | 120/48] 21 | 36 | 44 | O-45 | 
§ | 5:9 1 13 4°6 || 22 35 || 48 19°35) 
12} 58 | 14 | 45 | 24 | 3:3 82 225 | 
FeO sre i 15 4°3 || 26 3°2 || 56 2°15 | 
Niwas] gs 16 | 4-1 | 28 3-1 || 60 12-05! 
10 0] 54 | 17 F400 | 80 | 3:0 | 64. P20 | 
| 8] 52 1s | 39 132 | 29 68. |1-9 | 
11 O| 51 |] 19 | 38° || 36 | 2:7 | 
| 8150 | 20° | 3-7 || 40. | 255 | 
"23. May 22, 1786. 
Barometer ; ‘Thermometer : 
12. 19 || 80 [1:8 y 100 | 1-65] 124 {1°45 
14 | 1:85 1} 84 || 1°75 : 108 | 16 | 132 | 1-4 
76 is ;92 fia #116 11:5 |} 140 [1-4 


After the Jast number, the thread broke with the 140 oz 
in winding up, which mterrupted the experiments. 
VOL, Ill. N 
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cad 
24. May 23, 1786. 
Barometer 30°20; Thermometer 59. 


Having completed the experiments with both sides of the 
largest hemisphere, began now the similar ones with the lead 
only of the same weight, the results of which are below. 


a ar a a ac a er ee ane en 
Weight | Time |; Weight | Time |} Weight | Time || Weight | Tine 


oz dr | sec. oz dr | sec. oz dr sec. oz dr sec. 
LiwwG dee Li 6.4 Ve by 8 i he LO nWebe 
i. 2a lt | Oe On 1 916 re 2 a 
Ll a9 

Q5. May 24, 1786. 

Barometer 30°20; Thermometer 6]. 
114/50 114 0 | 2°9 8.8'1a°9 Preeso f.4*h 
2. 0 |.4°7 | 4B 2:75) “9 18 24 lel 
Q 4] 4&4 tf 5 O | 2:6 |} 10 75 26 a] 
2 -8 | 401 5" °8 | 2-45 11 1°65 |} 28 1:0 
2.123 hal 6 1c} 258 12 1°55 || 30 1:0 
3. 0.4 3°Sah 6. - Biot ie 1°45 || 32 1°0 
3. 4) 33 172 Of 2 Wb 1°35 || 34 09 
8) Bit Stl 7B e6 Vas 1°25 
5 124153°0.4 85,0 119530 1s 


26. Having now obtained a long series of actuating 
weights and velocities, with both sides of the hemisphere 
foremost, and with the lead alone; a set of the correspond- 
ing ones are extracted from the whole, and arranged toge- 
ther, in the first of the following tables; where the first co- 
lumn contains the several rates of velocity, from 3 to 20 feet 
in a second, differing always by 1; the next $ columns con- 
taining the correspondent weights acting -on the axis, of 
1:044 radius, for both sides of the body and the lead. But 
the differences of these not being perfectly regular, though 
very nearly so; correcting therefore those differences here 
and there, by some very small fractions, and by them the few 


' - 
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irregular weights, the more accurate series of weights are 
then arranged in the next 3 columns, which are to be con- 
sidered as the true numbers. Then, subtracting the actu- 
ating weights with the lead, from each of the corresponuing 
weights with both sides of the hemisphere, the differences are 
set in the next two columns, which contain the true weights 
acting on the axis. And finally, dividing each weight tor 
the flat side, by the corresponding weight ior the round side, 
the quotients are placed in the last column of the table, show- 
ing the ratio between the resistances on the two sides. * 


$$ RN 
’ — 


Velo- Irregular weights, Regular weights. | Diffs. or true wts*f Rag. 
city. || “fat Jround| lead || fat |round) lead || flat Jround | t9S 
feet Oz Oz OZ OZ OZ OZ OZ Oz 

8 SB BO Ee ay S°8) 3 Beaks 96.6.) bd 2'37. 
a Ol) 3:4) 1°4 6°:2}  3°4 14 4°8 20 | 2°40 
re) 9°3) 4:9) 1°7 9°2; 49] 17 1S ONO SG 
6 12 66) 2 Oe Pa ore aT 2°0 10°8 4°7 | 2°30 
7 17 8-7) 2°5N VEO) S*7) 24 Le6 GS 12°31 
8 OZ 11:0} 3°O;] 2L-91 Tho }y 289 19°O + Sa ag fale? SS Po) 
91) 28 Af 13:3) SS) ST6E1S9S |) Sh 1h. Se ht Ow aaa 
10-|) 34 | 15:8) 4°2|| 34°0| 16°2 | 4°2 |} 29°S | 12°0 | 2°48 
li 40 19 5:2\|; 41-0; 19°2 5°0 26°0 | 14°21} 2°53 
12 |} 48 123 6°0}} 48°7| 22°6 | 5°99 || 42°8 | 16°71 2°56 
13 SOG Tok 6°S|}) 57°71 26°4 | -6°8'|) 50°S | VSG a5T 
14 64 | 31 7°8}| 66°21 30°6 |] 7°8 || 58°4 | 229°8 | 2°56 
}S5 73 |35 8'6|| 76:0) 35°1 8°91} GUE ZG °Rep 2°56 
16 84 140 /10 86°6) 40:0 | 10°0 |} 76°6 | 30°0 | 2°55 
17 101 145. i111 98°21 45°34 11°2 |} 87° | 341 | 2°55 
18 LIZ.4 50° 112 ULIl st 6 pO, 12:44)/ $86) 1 88°6'|. 2°65 
19 j|121 57 414 125 57°27 FST HLS | 43°5 |:2°56 


| 20 140 |64 {15 |140 | 640] 15°0|1125°0 149 0 | 2°55 


But note, that all these weights must be divided by Si: 1, 
to reduce them to the centre of the ball. 


27, By the last column it appears, that the resistance to 
the flat side, is to the resistance on the round side, on: an 
average, as 2°48 to 1, or nearly as 24 to 1; instead of 2 to 
1, as expected by the theory.—From the two columns for 

N 2 
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both the flat and round sides, it appears, that their resist- 


ances increase in a ratio a little higher than that of the. 


square of the velocity: but how much higher, will be deter- 
mined hereafter, as well as several other inferences. — 


28. June 26, 1786. 
Barom. 29°96; Thermom. ; very warm. 


Having previously got prepared, for the remaining expe- 
riments, a flat disc, or very short cylinder, also a complete 
globe, and a cone, ail of pasteboard, and of the same diame- 
ter of the preceding largest hemisphere ; I proceeded to try, 
whether a different figure hindmost, as well as foremost, 
would make any difference, and what, in the results: thus, 
the hemisphere, the cylinder, and the cone, each with the 
circle foremost, have three different figures hindmost ; and 
vice versa: also the sphere and hemisphere, with the round 
side foremost, have different figures hindmost ; all of which 
circumstances will make a great variety of cases, Had the 
apparatus all well adjusted; the instrument nicely levelled 
and fixed; and had the upper pulley, over which the cord 
of the weight passed, fixed so high, as to have 30 or 40 turns 
completed, before the actuating weight could reach the floor; 
which would give the medium more exactly of a great num- 
ber of rounds. The following numbers are the mediums, 
each of 30 rounds, found by subtracting the time of the 3rd 
round fronf that of the 33rd, and dividing the remainder 
by 30.—The cyiinder was used this day, and consequent- 
ly a flat side both before and behind. Its weight was 5.oz 
1 dr. | 


| 
oz .dr sec. ay dr }sec. | oz dr } sec. 
| 3 4 | 10574 3 12 49:50] 4 12 3 
| 3;6) 1032} 4 0 19:07], 5.01793 
3 8 | 4 4 18°83) fe 4 7-72 
3 10 | 4 8 [850] 5 8 | 7-47 
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29. June 27, 1786. 
Barom. 29°94; Therm. 65, at 9 A. M. 
| Weight Time Wt | Time Wt | Time | Wt Time 
, oz dr sec. | OZ sec OZ sec | OZ sec. 
‘st foi a 9 5°60 |} 20 3°67 64 1°97 
6 O11 TOS || 10:)] 5°32'h. 294 So°as 72 1°88 
6 4] 687 ll 11 | 5:02 }.26 | 3°20 | ~ 80 1°80 
6 81 667 |} 12 | 4°78 | 30} 2°97 90 1°67 
7 O| 647 |} 13 | 4:58 34 | 2°77 | 100 1°60 
ine BS Ores 14} 4°38 } 40 | 2°53 | L110 1°53 
8 O} 6°00 |} 16 4°10 | 48 2°30 120 1°50 
8 8! 5:90 1 18 ' 3°87 }{ 56 | 2°10 | Thread! broke. 
30. June 28, 1786. ” 
Barometer 30:06; Thermometer 65. 


Experiments with the whole sphere; wt. 8 oz 14 dr. 


2 |145 | 12) 335 1 30] 207) 80] 1:22 
| 3 | 855 14) 31 34] 195] 90] 115 
4 | 675 || 16 | 2°85 | 40] 1-8 | 100] 1:07 
5 | §75 118 | 2:7 | 48] 1-65 |} 110 | 1-02 
6 | 51 || 20} 26 | 56} 1:5 | 120] 0-97 
8 | 43 || 22 | 245 1 64 | 14e i | 
10 | 38 | 26 | 222 | 72] 13 ; 


31. The globe required the first weight, or 2 oz, just to 
put it in motion; and a less weight than 2 oz would not stir 
it at all. This was owing probably in part to the great 
weight of the globe, which was made of very thick paste- 
board, and partly to the great length of the silk cord, be- 
tween the barrel and the weight, at first to be moved, which 
was not less than 23 feet in length. These extra weights 
causing greater friction and resistance on the machine, it 
was to be expected that the times of revolution, with the 
same actuating weights, would be greater, and considerably 
so when those weights should be very small; but that the 
difference would graduaily diminish as the weights increase; 
till at length they might become insensible, if the difference 
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of shape in the afterpart of the figure should not make some 
sensible difference; a circumstance still remaining to be 
tried. Accordingly, the experiments show this to be pre- 
cisely the case, the difference in the times of revolution, be- 
tween the globe and the hemisphere, being considerable with 
the small weights, but gradually and continually decreasing, 
so as nearly to vanish, in comparison with the whole times. 
So that it appears there is almost no difference, whether a 
flat side or a round one is hindmost, at least none that is 
very sensible in the swiftest of these velocities. Those that 
are set down above, are the mediums of the last 20 revolu- 
tions with each weight. Where it is to be noted, that, by 
mistake in measuring, the centre of the ball was placed +5 
of an inch too near the axis; so that the times should bea 
very little more than are here set down, viz, more in the 
proportion nearly of 534 to 532, which however will not sen- 
sibly alter them. 


32. | June 29, 1786. 


Weather much the same as yesterday. 


Used the cone this dav. Its weight was 8 oz 6 dr, and 
its height 6£ inches, being rather more than its diameter, 
which was 63, being the same diameter as the former figures. 
Tried it with the vortex foremost this day, as follows. 


Wt. Time Wt. Time We. Time Wt. Time 
OZ sec, OZ sec. 02 sec. OZ sec 
2 11350 | 8 | 4:42 118] 2°80] 48 | 1°65 
3 | 8°65 91 415 | 20} 2°67 || 56 | 1°52 
4 | 695 | 10 | 3°87 || 24 | 2:40 || 64 | 1°42 
5 | 597 | 12 | 3°57 || 28} 2°17 1 72 | 1°35 
6 | 5:30 | 14] 3:25 || 32 | 2°07 || 80] 1°30 
7 |. 477 | 16 | 3:00 


33. It was found that 2 oz was the least weight that 
would give motion to the machine.—By comparing these 
numbers with those of the day before, for the globe, it ap- 
pears that the times to day are nearly equal to, but somewhat 
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greater than, those of the former day; and consequently, 
that the resistance on the convex surface of the cone, is 


nearly equal to, but rather greater than, that on the globe. 


or hemisphere, the diameters being equal, but the height of 
the cone being a little more than double the height of the 
hemisphere. 


34. The following experiments were next made with the 
base of the cone foremost. 


! 


Heed Time | Wt. Time |! Wt. Time Wt. | Time 


2C. : OZ sec, OZ sec, 
121 4:95 || 24] 3:40 | 43 | 2-37 1] 79} 1-93 
16 — 30 | 3°05 | 564 2:20 || 80} 1°85 

40 | 2-60 | 64 | 2:02 |l100 | 1-68 


These times are rather higher than those of the cylinder. 
But the cone was rather the heavier, and their after parts 
different. 


35, June 30, 1.736. 
Barom, 30°02 ; Therm. 64, at 9 a. M. 


Put on the smaller hemisphere, the flat side to go fore- 
most, in order to compare with the large one, to try if the 
resistance be as the surface, when the axis or radius is the 
same. The flat surface of this hemisphere is equal to 2 of a 
square foot, but that of the large one 3, their proportion be- 
ing as 16 to 9, the radius of the srnall one’s path 59°42, of the 
large one 53:34; the compound ratio of the surface and ~ 
path or radius, being 16 X 53°34 to 52°42 x 9, viz,.38 to 2] 
nearly, or as 11 to 6, but not quite so near .-—Note that 6 dr 
just gave motion to the machine. 


21°80 || 7} 4°67 || 20} 2°65 |] 56} 1:57 
10°82 |} 8 | 4°35 || 24] 2-45 | 64] 1-45 
7°10 |} 10 | 3:90 || 28 | 2°25 |i 72] 1:40 
6°47 | 12 | 3°50 || 32.| 2:10 || 80] 1-32 
5°67 || 14} 3°25 | 40 | 1°82 
5°15 || 16 | 3°00 |] 48 | 1°67 


OnPP OD = 
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The following were with the lead only, of the same weight 
with this smali hemisphere, viz, 2 oz 5 dr. 


0d ee eee 
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36. July 5, 1786. 
Barom. 30°32 ; Therm. 66, at 4 PB. M. 
Made a thin leaden weight of 8 oz 10 dr, being only 4 dr 
nore than the cone, and 4 dr less than the whole globe, so 
that it nearly agrees with both. Experiments with it as 
below. 


Wt. | Time |} Wt. Time. Wt. Time | Wt. {| Time. 


Oz ar | sec. | oz di yes oz dr sec oz dr } sec 
1.8|{ 90.2.8) 43 | 4 0] 28 10/20 
110} TO | 210] 40 4 4] 27 8 1°8 
112] 64 1213) 38 4 8] 265] 9 1°7 
bla | 59 | 3 O} 36 || 412) 26 10 1°6 
2 0} 53 | 3 3) Sa 15° O jp 25 1} 15 
2.2) 49. Wi3) 61.82. 4/5. 8 } 24 12 1°4 
Bio 4 AB ABO tee G oD On Tg 1°35 
2 6} 44 13 12]| 29 16 8 | 21 14 1°3 


37. The latter part of the preceding numbers in the times 
being less than those fer the less weight, on May 24, I re- 
peated the experiments with this weight, of 4 oz 3 dr, to get 
the times for it more exactly. The reason of this difference 
is, that the arm went only 15 times round in descending on 
that day, but here 35 times round, the times diminishing a 
little, all the way to the end, and the times here are the 
means of the last 10 rounds out of the 35, which are much. 
more exact, 
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Experiments with the wt. 4 oz 3 dr. 
EL LR 


| Weight Time |] Weight | Time Weight | Time Weight | Time 


we ee eee 


8 
os 
7 
e 
o 


| ; oz dr sec. oz ary" "seo, oz dr.j sec, 
(2 0} 46 3 8| 30 | 7 19 } 12 [1:3 
}2 4) 42 | 4 Of}, 2°7 8 (<P ee My el3 1:25 
12 8} 385 1a 8] 25 9 16 | 14 {1:2 
| 212) .3:5 || 5 2°3 || 10 15 
3 o}] 33 {6 a1 |i it 14 
38. July 6, 1186. 
de continued, with the wt. 4 0z 3 dr. 
| 1 Bik bi at | TO WIS Fes 
Li 5 ” He 110] 6-4 | 1 14153 
The following with the Cone, the base foremost, to complete 
the set. 
410; 96 ||5 8} 82 f} 9 } 595 100 | 16 
412) 93 Ga Oe a Tt 10 5°55. |} 110 155 
4 14] 9] | 6°95 4-12 5°05 |} 120 aie. 
ote i 8*o 8 6°S 


When 120 0z was near the bottom, the cord broke. 


39. Thus the course of the experiments being now pretty 
fully extended to various shapes and dimensions of figures, 
we may next bring into one point of view the weights for all 
the kinds of figures, and for all the velocities, from 3 to 20 
feet per second. And first the irregular numbers just as they 
were experienced, 
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E-xperimenied Velocities and W eights. 


Lead | Lead | Lead 
I. Il. ITI. 
8 0z | 40z 12 og 
10 dr} 3dr | 5 dr 


Great Hemi- { Small 
sphere, Hemis. 
40z 3dr 207 5d: 


Ls 
round tlat flat 


Ve- | ; 
loc. |Cone, 8 oz 6 dr Whole |Cylin- 
globe der 


er a i 
ae Vertex} base tie 50z ld; 


ft. 

3 22} 3:8) 2-4] 14] 1:3] o-9 
4 341 6] 3:6] 16] 15] 19 
5 4°9} 92) 5-1] 19} 1:8] 1-4 
6 6°6} 12:8) 71} 2-2} 20] 1-7 
q 8°7} 1770} 9°5 | 2:6} 2:44 1:9 
8 22 1120} 3:1] 2:8} 2:3 
9 27°6| 138°3} 28 | 15-1] -3°5] 33) 27 
10 15°8| 34 | (83 ] 40] 38] 3:1 
1] 19:0} 40 |22°0| 44] 4:41 3°6 
12 23 | 48 | 264} 58} 5:1] 41} 
13 27 | 56 | 30:7} 62! ST] 4°7 
14 31 +64 1349] 7:0] 65] 5:5 
15| 39:3 | 78:0, 37:2 35 173.1386} 77} 7-21 6-2 
16/440} 90 | 42-7 40 | 84° 1437] 8:5] 8-0] 68 


48°6 {101 | 48°5 45 {101 | 50°4 
54°2 {110 | 53°3 
60°0 |126 | 58°4, 
66°3 64°O 


57 1121 | 62°7111°3 1103} O93} 
64 1140 | 72°0|12°0/11:0410-0 


_40, But as there are some small irregularities in a few of 
these numbers, as appears by taking their differences; by 
correcting these differences so as to make them regular, and 
then by them correcting the few irregular actuating weighis, 
the more correct table of those numbers will be as follows. 
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Large Hemt-| gmat | Lead | Lead} Lead 
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e- Whole |Cylin- 
loc, |Cone, 8 oz 6 dr globe | der, sphere, Hemis.| I. Il. 
per 8oz | 5oz |_ 40% 3dr __|aoz 5dr} 8 on | 4 oz | 2 on 
sec. |Vertex| Base] 14dr] 1dr |round| flat | flat [{O0dr 5 dr 
feet 
SiBO 47] 28) 3:5) BB) | 8°8l* Sa pies 1°0 
4) 4°] 72\| 4:0 6°O| 3*4: 6°3) *S'Giako 12 
5| 55} 10°2} 54] 90] 4:9] 93) 51) 1:9 1°5 
6{ 72)'13°7| 7:0} 12°5| .6-7| 12°8| 7:0) 2°2 1°8 
1) S92 % THs) 9:0) 166) 8°7) 16:9), 9°2:102'6 2°1 
81 11°6} 22°5)11°3} 21°3}11-0} 21°6| 11°74 3°0 2°5 
91 14°3 | 27°9/140] 26°7}13°5.| 27°:0| 14°6 | 3°5 2°9 
10| 17°3} 340} 17°0 | 32°8/ 16-2 | 33:1) 178 | -4°0 3°4: 
11|20°7} 41°0}20°4} 39°6/19-2 | 40°0)/21°4) 4°6 BRS 
12|24°4} 48°6}24°1] 47:2} 22-6 | 47°6/ 25:4) 5:2 4.°4, 
13 }:28°4} 57:0}28°1 | 55°6|26°4 | 56°0| 29°7) 5°9 5°0 
141 32:8! 66°2|39°4| 64°S|30°6 | 65 2|34°4) 6°6 5°6. 
15| 37:5} 76°2/37°1 | 74°8135°1L| 75°2189'°41 7:4 6°2 
16|42°6} 87°2'42°1 | 85°8|40°0 | 86:2) 44°8| 8:2 6°9 
17] 48°0 | 99°2)47°5 | 97°81 45°3 | 98°2) 50°5| 9°1 71°6 
18 | 53°8 }112°3| 53°3 |110°9 | 51°0 |111°3}| 56°6 |10°0 8°4 
19] 60°0 }126°5} 59°5 [125°1| 57-2 |125°5| 63°1 [11-0 j10°1| 92 


70°1 112°0{11°0 ,10°0 


201 66°6 [141°8) 66°0 |140°4| 63°8 (140°8 


41. Then, by subtracting the numbers in the last three 
columns of the leads, from those of their corresponding 
bodies, the remainders will show the regular set of resistances 
to the respective figures, as in the following table-—The co- 
Jumn of numbers to be subtracted from that of the cylinder, 
which weighed 5 oz 1 dr, was deduced, by proportion, from 
the last column but one of the preceding table, which has 
the lead nearest of the same weight with it. 
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Table of Regular Mean Resistances to several Figures. 


wae : Ratio 
Veloc.| Smal Cone Large Hemis 
ee, Hemis. Whole} Cylin- of flat 
pe Globe der ~ to 


sec, | flat [Vertex| Base convex |} flat side 


Sasa 15 3:3 


3 14) 241) Il] 26 | 2°36 
4 | 2:4) 25) 56} 2:4) 46 |) 21 [ly 49) po-33 
SN lio Se oF, Wie 2 8:31 35} T3 1 B22] 161 }9938} 
6 | 52} 5:0) 14°5} 48} 10°5 | 47} 108 )2530| 
7] TH) 66} 16°2 | 64} 1442 | 63} 145 | 2980 
i 92} 86} 195} 8:3} 184] 82] 18°8 | 2-30 
9} 117} 108 | 24-4]10°5 | 23°3 1102] 23°7 | 2°39 
oes 13°3} 30:0 }13°0} 28°9 [12:4] 29°3 | 2°36 

175 {161 | 36:4 115°8 | 35:2 [14°9.). 35°7 | 2°40 
12 12101 19°2} 43:4 118'9| 49°29 |17°7| 42°7 | 2-41 
13 | 2407 ated 51*1 |22-2} 50°0 }20°9} 50°5 | 2°42 


14 | 28°38} 26°2) 5961258} 58°5 |24°4} 59°0 | 2°42 
15 | 33°2| 30°71 |’ 68°8 |29°7 |’ 67°8 | 28°2| 68:3 | 2:42 
16 | 37°91 34°41 79-0 |33°9 | 73°90 {32°41 78°6 | 2°43 
17 | 42°91 389] 9071 (38°41 89:2 36:91 89°8 | 2-43 
18 | 48-2 | 43°8 | 102°3 | 43°3 | 101°5 | 41°8 | 102°1 | 2°44 
19 [53-9 | 49-0 | 115°5 [48°5 | 1148 [471 | 1154 | 2°45 
20 | 60°1 | 54°61 199°8 | 54-0} 129°2 159811293 246 


Here, besides the columns of experimented resistances, In 
avoirdupois ounces and tenths, for each figure; another co- 
lumn is added at the end, showing the ratios between the 
correspondent numbers in the two next preceding columns, 
being the resistances for the round and flat sides of the large 
hemisphere ; which ratios are found by dividing always the 
greater numbers by the less; showing that they: proceed al- 
Ways increasing a very little, as the velocity is increased ; 
the medium among all these being 2°4, instead of 2 only, as 
expectéd by the theory of res sistances to such figures. But 
as part of this ratio may be owing to the different. shape of 
the after or hinder sides of the firures, the more correct 
comparison would be between either the whole sphere and the 
flat side of the isk ge REMS PRT, or the cylinder and the 
round side of the same large bemisphere, in both of which 
cases the after parts would be of the same shape, and then 
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the medium ratio would be near 2°3 to 1.—After all, it is to 
be observed, that the numbers in the preceding table denote, 
not the true measure of the resistances, but only the weights 
acting at the circumference of the barrel or axis, while the 
real resistance of the air acts on the body at the extremity 
of the arm. To obtain the true resistances then, those num- 
bers must be all divided by the ratios of the corresponding 
radii or distances at which the weight and the resistance act, 
viz, by 50:2 for the small hemisphere, and by 51*t for all 
the other figures, as determined on the 2nd day of May; 
this being done, the true measure of the resistances will be 
as in the table below, for all the velocities from 3 to 20 feet 
per second of time, ' 


42. Table of the true Resistances to the Figures tn Ounces. 


Index of 


: : Hemisphere. 
Veloc. Cone Whole | Cylin- Bp a the power 
er iobe der S* lof the ve- 
sec. {Vertex | Base s flat } round flat thats. 
feet OZ 0z OZ OZ Oz Oz OZ 


3 | -Q28] -0644 02741 -050] -051} :020] +028 
4 | °048} 109} -047} 090] -096! :039] °048 
5 | -O71] °162} 068] +143] +1481 063} -072 
6 | -O98} -225} -0944 *205]| *211] °092] -103 
7 | +129] -298] +125) -278] -284] +1231} +141 
8 } -168| °382| °162} -360] °368} °160] °184. 
9 | -Qr1i 4784 °205!| +456] °464) 199} +233 
10 | *260| -5871 *255) °565| °573} 242] -287 | 
11 | -315] 712} *310] -688] -698} -297] +349 | 92-049 
12 | -376} *850] *370} *826] °S36! 347] -418 | 2-042 
13 | 44011000] °435} ‘979{ -988] +409] °492 | 2-036 
14 | *51211°166] °505]} 1145417154] -478 1 °573 | 2°031 
15 | +589\1°346{ °581]1°32711°336| °5521 °661 | 2°031 
16 | -673)1°546| °66311°52611°538] -634] °754 |.2°033 
17 | °76211°763¢ °75211°745 1 1°757] °722} °853 | 2°028 
18 | *858!2°002} *84811-986}1°998} *818{1 °959 | 2044. 
19 |} *959}2°260} *949}2°246}2:258! -922 | 1-073 | 2:047 
20 }1°069}2°540] 1057] 2°528 | 2°542 |1°033 | 1°196 | 2:051 


= =a] - 


Propo! 196 | 291] 124] 285 | 288 | 119 | 140°] 2-040 
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Where the numbers placed at the bottom of all the co- 
lumns, denote the general mean proportions of their resist- 
ances to one another, from the velocity 10, to each of the 
following ones. 

Note. The general mean height of the barometer was 
30:1, and of the thermometer 62°; in which circumstances 
therefore, the ratio of the weight of water to air, was as 
840 to 1, or the cubic foot of air weighed nearly 14 02 
avoirdupois. 

It may be repeated also, that the diameter of the small 
hemisphere was 43 inches, and consequently the area of its 
base, or great circle, was 173 square inches, or 4 of a square 
foot nearly. But the common diameter of all the other f- 
gures was 6 inches, and therefore the area of the circular 
base, was just 32 square inches, or 3 of a square foot. Also, 
the altitude of the cone was 64 inches; its side is therefore 
inclined, to the axis in an angle of 25° 42. 

43. From the preceding table of resistances, several prac- 
tical inferences may be drawn; such as the following. 

(1). That the resistance is nearly as the surface; the re- 
sistance increasing but a very little above that proportion in 
the greater surfaces. ‘Thus, by comparing together the 
numbers in the 6th and 8th columns, for the bases of the two 
hemispheres, the areas of which are in the proportion of 
173 to 32, or as 5 to 9 very nearly; it appears that the num- 
bers in those two columns, expressing the resistances, are 
nearly as 1 to 2, or as 5 to 10, as far as to the velocity of 
12 feet; after which the resistances on the greater surface 
increase gradually more and more above that proportion; 
and the mean resistances are as 140 to 288, or as 5 to 103, 
so far as these experiments have been extended. Nearly 
the same proportions result from the comparison of the num- 
bers in other columns with similar surfaces. Now, the ratio 
of the surfaces being that of 5 to 9; and the ratio of the re- 
sistances as 5 to 102; it appears that the latter exceeds the 
former in the ratio of 9 to 103, or of 1 to 143 or of 7 to 8. 
Hence then, to find the resistance to any surface, from hav- 
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ing given that of a similar smaller one, with an equal velo- 
city; first raise the given resistance in the proportion of the 
less surface to the greater; then increase the result by 4 
part, or in the ratio,of 7 to 8, which will give the resistance 
for the larger surface, nearly. And, reverse wise, to find 
the resistance on a smaller body, from that of a like larger 
one, with equal velocity——We shall afterwards enquire 
whether this proportion will answer in very high velocities 
also. 

(2). The resistance to the same surface, with different ve- 
locities, is, in these slow, motions, nearly as the square of the 
velocity; but gradually increasing more and more above 
that proportion, as the velocity increases, This will ap- 
pear, on trial, from all the columns; and the index of the 
power of the velocity is set down in the last column, for the 
resistances in the 4th column, for the whole globe, by com- 
paring that for the velocity 10, with each of the following 
ones, 11, 12, 13, &c; where, after the first three or four, 
the numbers gradually and slowly increase, and would doubt- 
Jess continue to do so toa very great extent. The medium 
among those here set down, is 2040; whence it appears, 
that in these slow motions, the resistance to the same body, 
is nearly as the 2:04 power of the velocity, or indeed as the 
square of it nearly. 

An easy method of determining |- 


Fe Veloc | Resist. 
those indices, is as follows: Make a |"°°{ “est | Index 
small tablet, asin the margin, placing, 10 | 255 


in the first column, the velocities | 11 310 | 2:049 
from 10; inthe2nd columnthecor- | 12 | 370 } 2°042 
respondent resistances from,any co- 13 435 | 2°036 | 
lumn of the former table, as suppose poh eit Rat get 
Wie ee 15 | 581 | 2-031 
those for the whole globe. Then, | 1g | 663 | 2033 
to fill up the 3rd column, putr=255 | 17 | 752 | 2:038 
the first resistance, 7’ = any other,as | 18 | 848 | 2°044 
the 2nd 310; and x = the required 19) 949 | 2:047 
° 5 20 |, 1057. | 2°051 
index of the power of the velocities, Uh ee 


which shall be proportional to the resistances; that is, so as 
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that 10°: 11*:: 7:2". Dividing the first two terms by 10, 
and the latter two by7, the proportion becomes 1: 1'1*:: 1 _ 

consequently 1°1* = -; the logarithm of this is x x log. 1*1 

= log. r’ — log. 7; and hence x = were = 2'049, 

by using the aforesaid numbers for 7 and 7”. In like man- 

ner, taking, in the denominator of the general expression for 

x, the successive numbers 1:2, 1°3, 1°4, &c, to 20; and in 

the numerator the successive values of 7’, viz, 370, 435, &c, 

that of » being constantly = 255; all the numbers in the 
8rd column will be easily found. 

(3.) The round ends, and sharp ends, of solids, suffer less 
resistance than the flat or plane ends, of the same diameter : 
thus, the cylinder, and the flat ends of the hemisphere and 
cone, have more resistance than the round or sharp ends of 
the same. But the sharper end has not always the smaller 
resistance: thus, the round side of the hemisphere has less 
resistance than the pointed end of the cone. 

(4.) When the hinder parts of bodies are of different font 
the resistances are different, though the fore parts should be _ 
exactly alike and equal; owing probably to the different.” 
pressures of the air, on the after parts. Thus, the resist- 
ance to the fore part of the cylinder, is less than that on the 
equal flat surface of the cone, or of the hemisphere ; because 
the hind part of the cylinder is more pressed or pushed for- 
ward, by the following air, than those of the other two 
figures: also, for the same reason, the base of the hemisphere 
shows a less resistance than that of the cone, and the round 
side of the hemisphere less than the whole sphere. 

(5.) The resistance on the base of the hemisphere, is-to 
that on the convex side, or on the whole sphere, nearly as 
22 to 1, instead of 2 to 1, as assigned by theory. And the 
experimented resistance, in each of these cases, is nearly 1 
part more than that which is determined by the theory. 

(6.) The resistance on the base of the cone, is to that on 
the vertex, nearly as 2°3to 1. And almost inthe same ratio 
is radius to the sine of the angle of inclination of the side of 
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the cone to its path or axis. So that, in this instance, the re- 
sistance is directly as the sine of the angle of incidence, the 
transverse section being the same. 

(7). Hence may be determined what will be the altitude 
of a column of air, whose pressure shall be equal to the re- 
sistance of a body, moving through it with any velocity. Thus, 

Let a = the area of the section of the body, similar to any 

of those in the table, perpendicular to the direc- 
tion of motion ; 

ry = the resistance to the velocity in the table; and 

x = the altitude sought, of a column of air, whose 
base is a, and its pressure 7. 

Then av = the content of the column in feet, 
and ltav or av its weight in ounces ; 
therefore-Sar = r, and’ x = 3 x = is the altitude sought in 
feet, namely, £ of the quotient of the resistance of any body 
divided by its transverse section; which is a constant ‘quan- 
tity for all similar bodies, however different in magnitude, 
since the resistance r is nearly as the section a, as was found 
inert. 1. When a = 2 of a foot, as in all the figures in 
the foregoing table, except the small hemisphere: then, 
aocs ss —, becomes x = 17, where 7 is the resistance in 
the table, to the similar body. 

If, for example, we take the convex side of the large he- 
misphere, whose resistance is ‘634 oz to a velocity of 16 feet 
per second, then r = °634, andx = t3r = 2:3775 feet, is the 
altitude of the column of air whose pressure is equal to the 
resistance on a spherical surface, with a velocity of 16 feet. 
And to compare the above altitude with that which is due to 
the given velocity, it will be 327: 16*:: 16:4, the altitude 
due to the velocity 16; which is near double the altitude 
that is equal to the pressure. And as the altitude is propor- 
tional to the square of the velocity, therefore, in small velo- 
cities, the resistance to any spherical surface, is equal to the 
pressure of a column of air on its great circle, whose altitude 
is 42 or °594 of the altitude due to its velocity. 

VOL. III. O 
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Sut if the cylinder be taken, whose resistance r = 1°526: 
then « = %r = 5°72; which exceeds the height, 4, due to 


the velocity, in the ratio of 23 to 16 nearly. And the differ- 
ence would be still greater, if the body were larger, and also 
if the velocity were more, 

(85). Also, if it be required to find with what velocity any 
flat surface must be moved, so as to sufler a resistance just 
equal to the whole pressure of the atmosphere : 

The resistance on the whole circle whose area being 2 of a 
foot, is 051 0z, with the velocity of 3 feet per second ; it is 
ft of :051, or ‘0056 oz only, with a velocity of 1 foot. But 
2% x 18600 x % = 7555 oz, is the whole pressure of the 
atmosphere. Therefore, as ,/°0056 : “77556 :: 1: 1162 
nearly, which is the velocity sought. Being almost equal to 
the velocity with which air rushes into a vacuum. 

(9). Hence may be inferred the great resistance suffered 
by military projectiles. For, in the table, it appears, that a 
globe of 63 inches diameter, which is equal to the size of an 
iron ball weighing 36lb, moving with a velocity of only 16 
feet per second, mects with a resistance equal to the pres- 
sure of 2 of an ounce weight; and therefore, computing 
only according to the square of the velocity, the least re- 
sistance that such a ball would meet with, when moving with 
a velocity of 1600 feet, would be equal to the pressure of 
417b, and that independent of the pressure of the atmo- 
sphere itself on the fore part of the ball, which would be 
487|b more, as there would be no pressure from the atmo- 
sphere on the hinder part, in the case of so great a velocity 
as 1600 feet per second. So that the whole resistance would 
be more than 900]b to sucha velocity! 

(10). Having said, in the last.article, that the pressure of 
the atmosphere is taken entirely off the hinder part of the. 
ball moving with a velocity of 1600 feet per second; which 
must happen, when the ball moves faster than the particles 
of air can follow, by rushing into the place quitted and left 
void-by the ball, or when the ball moves faster than the air 
rushes into a vacuum from the pressure of the incumbent 


- ey 
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air: let us therefore inquire what this velocity is. Now the 
velocity with which any fluid issues, depends on its altitude 
above the orifice, and is indeed equal to the velocity acquir- 
ed by a heavy body in falling freely through that altitude. 
But, supposing the height of the barometer to be 30 inches, 
or 21 feet, the height of a uniform atmosphere, all of the 
same density as at the earth’s surface, would be 2£ x 13°6 
x 8331 or 28333 feet; therefore W16,: “28333 :: 32: 8 
“28333 = 1346 feet, which is the velocity sought. And 
therefore, with a velocity of 1600 feet per second, or any 
velocity above 1346 feet, the ball must continually leave a 
vacuum behind it, and so must sustain the whole pressure of 
the atmosphere on its fore part, as well as the resistance 
arising from. the ves tnertia of the particles of air struck by 
the ball. | 
(11). Ona review of the whole of the premises, we find 
that the resistance of the air, as determined by the foregoing 
experiments, differs very widely, both in respect to its quan- 
tity on all figures, and in regard to the proportions of its ac- 
tion on oblique surfaces, from thesame actions and resistances: 
as assigned by the most plausible and imposing theories, 
‘which have heretofore been delivered, and confided in by - 
philosophers. Hence it may be concluded, that all the spe- 
culative theories on the resistance of the-air, hitherto laid 
down, are very erroneous ; and that it is from experiments, 
carefully and skilfully executed, that a rational hope can be 
erounded, of deducing and establishing a true and useful 
theory of the actions of forces, so intimately connected with 
the numerous and important concerns in human life. 
Proceed we now to relate the further progress of our ex- 

periments with the whirling-machine, on other bodies, and 
in other positions. 


02 
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EXPERIMENTS OF THE YEARS 1787 and 1788. 
July 31, 1787. 


44, By comparing the experimented resistance on the 
vertex of the cone, with the theory, it appears that it is 
nearly equal to the resistance of the sphere; whereas, by 
the received theory, it ought to be only about 2 of that of 
the sphere. I therefore this dav tried these two bodies 
again, and found the results nearly the same as before. 
With the 32 oz weight, the mediums among the times of a 
revolution, were thus: viz, 


This year they were, Last year they were 
for the cone 2°10” 2.07" 
for the globe 2°02 | 2°01, nearly the same. 


So that it seems difficult to account for so great a difference © 
between theory and experiment, in the case of the cone’s 


vertex. 
Aug. 5, 1787. : ; 
Fine, clear, warm Weather. 


45. Performed experiments with the following bodies, 
and found the medium of the times of revolution as fol- 
lows. 

The Cone. {Samll Hemis. 


Large ie | Lead of 
Globe} vertex | base | base | conv.}2 oz 5 dr 


ak POST Ae 12°84 TG] 16 


The actuating weight was 32 oz for each figure, and § oz 
for the thin lead weight, the same as June 30, 1786. 


- 
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EXPERIMENTS IN 1788 WITH THE WHIRLING- 
MACHINE. 


July 23, 1788. 


46. Prepared the machine to make experiments with 
figures of shapes different from the foregoing ones. Pro- 
viding a thin rectangular plate of brass, to fix on the arm 
of the machine; its weight 11 oz 02 dr, or 114, 0z, and its 
dimensions 8 inches by 4, consequently its area was 32 
square inches, the same as the plane surface of the cone and 
large hemisphere, before employed. It was adapted for fit- 
ting on the end of the arm in both directions, viz, in the di- 
rection both of the length and of the breadth, to try the ef- 
fect of the same surface in both positions. It was also con- 
trived to incline the surface in any degree to the direction 
of motion, to try the resistance at ail angles of inclination. 
When fitted on with its length in the direction of the arm, 
the distance of its centre, from the axis of motion, was 532 
inches ; and the same distance also when fitted on the other 
way. 

July 24, 1788. 
‘ Barometer 30°0 ; Thermometer 70. 


47.. Tried the experiments this day with the plane fitted 
on with its length in the direction of the arm, its centre be- 
ing distant 533 inches from the axis of motion. The plane 

was inclined in various angles, as expressed below; and the 
actuating weight was 32 oz or 2/b each time. 


Table of the Times of Revolution, the Plane lengthwise. 


In the first line of this table, are the angles in which the 
plane was inclined to the horizon, or to its path, sometimes 
at 5 degrees, and sometimes at 10°, difference from each 
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: 
other; the-first position being 0°, or horizontal, with its 
edge tothe air; aud the last 90°, or the plane vertical, with 
its face directly epposed to the path or resistance of the air. 
In the second line are the intervals of time in performing 
each revolution, expressed in seconds and hundredth parts ; 
each number, as usual, being a medium of several repetitions. 
Note, The area of the plane is 32 square inches, or 2 sq. 
foot, and = the circle of the large hemisphere. 7 
The radius of revolution to centre of the plane 532 inches. 
Circumference described by its centre in 1 revolution 337-7 
inc. or 28°14 feet. on 
Ratio of radius of axis to radius of revolution, as 1 to 
51°51, accounting the radius of axis to the middle of the 
thread, 1:044 inches. 
July 25, 1788. 
mA Barometer 60:10; Thermometer 66. 
48, Used the same brass plane again, set at various an- 
gles as before, but fixed on the contrary way, viz, the breadth 
or shorter dimension in the direction of the arm; but still 
having its centre at the same distance of 533 inches from the 
centre of motion; to try if there be any difference by such 
change of position; the actuating weight being still the same 
32 ounccs, 


Times of Revolution, with the Plane crosswise. 


| 


0 or! 5° | 10°.1 20° | 30° | 40° 


horiz. vert, 
1:00, 1°1741°351°6912:0012°30" 2°571"12°80"12°93"13°00"13°03" 


Here, as before, the first line contains the inclination of 
the plane to the direction of motion, and the second the me- 
dium times of revolution. The inclination of 45° was not 
used this day ; but it was tried in two different ways the day 
before, viz, inclined 45° backwards, thus \ , and then inclined 
45° forward, thus 7, when the result was the same in both 
cases: whence it may be concluded, that the resistance is the 

- same, whether the plane is inclined forward or backward, at 
each angle of inclination, as indeed it might be expected, 


ition 


} 
45° | 50° | 60° | 70° | soe O° or 


-s “ 
Ge en 
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By comparing the experiments of this day, with those of 
the day before, it appears that the differences are very small 
indeed ; but ee of this day are rather longer intervals, if 
any slide ; but the difference is so small, and doubtful, that, 
the times may be accounted equal. | 


49, After the above experiments, the following course 
was then instituted with a thin bit of lead, on the end of the 
arm, equal to the weight of the brass plane, and which, its 
resistance being very small, will give nearly the weights to 
be deducted from all the above, on account of the friction 
of the machine and the resistance on the arm, viz, with the 


20 
1°35 


12 
2°00 


16 


actuating wts. in OZ. 10 
| 15 


time of each revolut. aes 


24 a 32 
1°20! 17091100 


And from these, by interpolation are deduced the following. 


2 
seers A 05." 10? 1) 20,.2 30° 50° | 60° | 70° | 80° a 
Wis, |oz.32/24°8 |19°5 |15°5 12-7 |10°9 | 9-9 a be 8°7 
Times! 1°00" [1°1 7117351168" 11-9912: 28': 9:56"12°79'12-9.4"13- ‘oo'ls: 2 
f nd hence the following general tabie. 
> 50. And hence the following general tab! 


Actuating wt. | Dif or Ditto ré:lWhlooien 


witbout resist- duced to per 
plane ance. | arm. | second, 


Inclin.] Time of 
of the jone revo-} with: 
-|plane,| lution. plane 


OZ OZ OZ feet 
On th £004 8207 h. 32:0 0'0 | ‘000 | 28-1 
SN ORLT 1 232:4-24°8 7:2.) “240. ib Zar 
10 | 1535 | 32} 19°5 J.129°5 | +843 1 20:8 
POO bs) 1-32 0 Vato tes oe oe ae aes 
Se [ob Fo SS Ve oad Mea ag ie we A? ke ty a a 
40: aren. G2 LOO Aare 
45 | 2°42 | 32 | 104 
99 
9°3 
8°9 
es bof 
| 


— 


50. (S22 SG 1e3 


bo 


| 60 | 279 | 32 
| 70 | 2°94 | 32 


rd bb} boo b 
Co koe RD ON 
CO me -l = 


} 
Bey P80 | 3°00. 82 
| 90 | 3°02 | 32 


TA 
»°O 


bo 
GS 
aS 


2 
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Here, the numbers in the 6th column , in thousandth parts 
of an ounce, are equal to the resistance of the plane, placed 
at the angle on the same line in the first column, when 
making one revolution, or describing the space 28% feet, in 
the time or numberof seconds in the 2nd column, or when 
moving at the rate denoted by the numbers in the 7th co- 
lumn. 

From what has been done, in the last two days, it appears, 
that there is no sensible difference between the two different 
ways of putting on the plane, viz, the length or breadth in 
direction of the length of the arm; provided its centre be 
but at the same distance from the axis, in both cases. 

But now to obtain the law of resistance, for the several 
angles of inclination, with one aud the same velocity, it was 
proper to institute a fresh set of experiments, as they here 
follow. 


July 31, 1788. 
Barometer 29:91; Thermometer 72. 


51. The object of this day’s experiments was, to find the 
resistance on the same plane, at every angle of elevation, 
when the velocity, as for example, is 20 feet per second. I 
therefore began as follows, putting on different weights, to 
bring the velocity to about 20 feet in a second. 


TRACT 36. THE WHIRLING-MACHINE, 201 


Angle}Actu-| Time of 
with | ating jone revo- 
horiz.| wts. | lution. 


OZ sec, 

0°| 19 | 1°50 
* | 90] 1°43 
5422) 1°43 
- | 93.4 1°33 
10 | 24} 1°43 
- | 95] 1°40 
20 | 26 | 1°76 
pr OPT the a 
28 | 1°67 
29 | 1°65 
30 | 1°58 
32} 1°56 
34 | 1°52 
36 | 1°48 
38 | 1°44 
40 LeleaG 
30 | 44 | 1:60 
- 148 | 1:54 

52) 143 


: 56 1°40 
40 64 thread |. 


The thread having broken with the last weight, of 64 oz, 
the experiments could not be further prosecuted for the pro- 
posed velocity, 20 feet. I was therefore obliged to be con- 
tent with the case of a smaller velocity, as that of 12 feet for. 
example, which would not require so large an actuating 
weight ; the results of which are as follow. 
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a | 


Angle Actu- Time | Veloc. | Diffs.| Resist. Ditto Ratio Sines 
with | ating | of 1 per ef | tol? ft.) _ to the of the 
horiz. | wts. Pee OD, sec. | wts. | veloc. reduced last. ~ | angles 
sec fort | Oz 0% | OZ | 
0° 2°50] 11:25 1 O 0 0 0 
Rees lio i 7 
men 1 Be oe 0°81 | 016 | 19 | 87 
qo | 12 [2°50| 11-25] 2 | 2:93 7-044 | 52 [173 _ 
By ¢ 5 
al a es > | 634 | 1133 | 158 | 342 
30 | 24 12°37! 11°87] 14 
26 |2°26 245) 16 | 14°31 | +278 | 331 500 
28 \2-19| 12°85 | 18 
40 | 32 |2°40 293 99 
* | 34 19°30] 12°23 | 24 123-09 | -448 | 5 643 
36 '2:°961 12°45 | 26 
50 | 39 [2°40] 11°72 | 29 
* | 40 {2°39 ied 30 | 31°34 | *609 L. 4.] 766 
41 |2°38| 11°83 | 31 1 
60 | 43 .|2°50| 11°25 | 33 | 37°60 | -730 | 868 | 866 
= 3 7 
s | ys 25 a ae : Al*49 | 305 | 957 | 940 
80 10°88 | 36 
bre 9-59 14] 37 | 43: 06 | "836 | 994 | 985 
90 | 48 [2°50 | 11-25 ['°38 | 43°35 | -841 |1000 [1000 
Oe 2 a a es ae ee Bae ee a ay 


52. Having, by the mediums of several trials, found the 
times corresponding. to each revolution, in the 3rd column 
of this table, corresponding to the weights in the 2nd co- 
Jumn, and angles of inclination in the first column; the cir- 
cumference of revolution, viz, 28} feet, being divided by 
these times, gives the velocity per second, as placed in the 
4th colada 

Then the first weight, of 10 oz, when the very thin dipe 
of the plane only was opposed to the air, being deducted 
from every weight in the 2nd column, leaves the weights in 
the 5th column, which are to be considered as the actuating 
weights at the barrel of the axis, very nearly. 
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In the 6th column are the several resistances to a velocity 
of 12 feet per second, as deduced from those in the 4th co- 
lumn, to which number these are nearly equal, by stating 
the resistances to be proportional to the 2°04 power of the 
velocity, agreeably to the rate we have before determined 
for slow motions, that are so nearly equal to each other. 

In the 7th column, the resistances of the 6th column are 
reduced, in the proportion of the distance of the plane to 
_the distance of the actuating weight; and these are the true 
measures of the resistances, in thousandth parts of an ounce, 
to the velocity 12 feet ina second of time, for each position 
of the plane. ; . 

In the Sth column are set the ratios of all these resistances, 
to the last or greatest of them; which are obtained by divid- 
ing each of them by that greatest ; being done in order to 
compare them with the sihes of the same angles of inclina- 
tion, as placed in the 9th or last column Whente it ap- 

pears, that the resistance is in no wise proportioned to those — 
-sines: for, from the direct vertical position, or 90 degrees, 
the sine of the angle of inclination decreases faster than the 
resistance, till at the angle of 60° inclination, where they are. 
again equal. After which, the resistance decreases faster 
than the sines; but no where however so fast as the squares 
of the sines, and much less of their cubes. So that the re- 
sistance, it appears, is in practice, not as any single power of — 
the sines, neither Ist, nor 2nd, nor 3rd power of them. 

53. But, if we would search out some powers or function 
of the sines, that should be proportional to the resistances, 
it is manifest that the exponent must be some variable quan- 
tity, which at 60° must be = 1, or nearly so; below 60°, it 
must be greater than 1, but less than 2, and above 60° it | 
must be between 1 and 0. Now the cosines of the angles 
increase from 90° down to Q, in such sort, that their doubles 
have the above requisite property, viz, that at 60°, 2cis=1; 
above 60°, 2c is between 1 and 0; and below 60°, 2c is be. 
tween | and 2; where c denotes the cosine of the angle of 
inclination. Let us compute then the proportions of s* for 
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- the several angles of inclination, where s denotes the sine, in 
order to compare with the resistances, and we shall find the 
values of s*, for the several angles, to be thus: 


An- {Values of| Exper. | pifis, 
ike Fn Here it appears, that the values 


5° 8 19 |. of s* agree with the ratios of 
10 39 52 | 20 the resistances, from 90° to 60° 
20} 133 | 158] 251] very nearly; but that from 60° 
30 | 302) 331 | 29} to 30°, the differences increase, 


40 | 508 | 533 | 25 Bea ip 
50! 7101} 724} 14 and from 30° to 0, they decrease 


60 | 8661" 368 9 again, the greatest difference 
70 | 958 |; 957] -1 being at 30°, where it 1s 4; of 


80 995 994] -1 the whole. 
90 | LOOO | 1000 O 


54. Instead of the index 2c, in the function then, it is 
likely that we shall succeed better if we assume the indefinite 
one nc, by adapting its result to the resistance for the ex- 
perimented angle of 30°, that is, to ascertain what 2 must 
be, so as that the function s* may agree with the resistance 
at 30°, viz, by making s* = 331. Now this equation in 
log. 331 

c X log.s 
= 1°842 nearly. Then taking always 84°, there results 


the following numbers: 


logarithms is 7¢ x log. s = log. 331, and hence n = 


Here the differences being all 

very small, it may be concluded 
Be AR eT i that the function s™*4”° is an ex- 
10 42 52 | 190 {Pression for the resistance, suffi- 
20} 156] 158] 2 ciently near the truth, for all the 
30 | 331} 881} O} angles of inclination. And this 


An- {Values of| Exper. 


oles g1542¢ resist. | Difls. 
5 


50} -730)} 724 | 6} .. 2. Bal, 
60 | 876 | 868 | -8 bring it to ounces, will give 


70 | 962.1 957.1 -5 ‘84.15"*4* for the resistance, in 
80 | 995 | 994} -1 ounces, for any angle, whose 
90 | 1000 {| 1000 {| Oj sine is s, and cosine ¢, for * 
velocity of 12 feet in a second, on a plane surface of % 
square inches, or 2 of a square foot. 


40} 536 | 533 | -3 being multiplied by °841, to. 


er 
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Barometer 30°08 ; Thermometer 60. 


55. The occasion of this day’s experiments was as follows: 
On comparing the last experiments, made with the parallelo- 
gram inclined in various angles, with those formerly made 
with the cone, the vertex foremost, the surface of which I 
thought might be considered as expanded or unrolled in a 
triangle of an equal area, and ‘inclined in the same angle. 
But the resistances not turning out to be in the proportion 
of the two surfaces, I imagined that the difference might re- 
sult from the diversity in the shape of the two figures, or 
surfaces compared, the one being a plane rectangle, and the 
other a conical surface, or as it were a triangle rolled up. 

_ 56. I therefore procured an equilateral triangular brass 
plane, nearly of the same area and weight as the parailelo- 
gram last used, viz, the triangle being 313 square inches, or 
nearly 3 of a square foot, and performed the following ex- 
periments with it, inclining the plane to the direction of mo- 
tion in all aees: differing by 5° at each time, and at each 
inclination turning the vertex of the triangle both forewards 
and backwards, so that it might go both foremost and hind- 
most; but, as there was no difference in the resistance be- 
tween the two positions, the numbers are set down only for 
one of them, thé saine numbers serving for both. The mid- 
dle line of the plane was placed at 533 inches from the cen- 
tre of motion; and therefore the velocity of that line, is to 
the velocity of the actuating weight, as 51°51 to 1. The 
weights, for each inclination, were gradually changed, so as 
to bring the plane to make 2 uniform revolutions in every 5 
seconds of time, in which case the velocity ofthe plane was 
112 feet per second, or rather 11:26 feet. 

57. Having therefore placed the several angles in the 
first column of the following table, and the actuating weights 
in the 2nd column, which gave 2 revolutions in 5 seconds, in 
the 3rd column are set the differences between the first 
weight, when horizontal, and each of the other following 
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weights, which remainders denote the resistances without the 
friction and resistance on the arm, for a velocity of 11°26 
feet. Then these are raised in the ratio of 11°26 7° to 127°, 
or 7 to 8 nearly, for the resistances to 12 feet velocity, which 
are placed in the 4th column. These last numbers are again 
increased in the ratio of the surface 31% of this triangle, to 
32 the surface of the former plane, that is, in the ratio of 
~ 43 to 44, or 1 to 1,4, which increased numbers are set in the 
next or 5th column, Then— , 


Angles} Actu- | Diffs. |Ditto for |Ditto for Resist Ratios Sines 
with | ating of 12 féet |52 inches aX aS to the | of the 
direc. | wts, ditto | velocity | area : last angles 


en ee | ee ee ef |) 


OZ OZ 

0° | 10 070 | 0:0 | 0:0 | ‘000 | *000 | 000 

5. (OW as OFF. 0:8 14, 0781\,2015-4) (3018 1 2087 

10 14478.) 1-8 | 2'0' |) .2:0' 039 | 046 | °1'74 

15 |134] 34 | 3:9] 40 | -077 | -O91 | -259 

20 PUSS RB | S668 1182" 1 1565) 342 

25 1190} 90 | 10°3 | 10°5 | *204 | °241 | +423 

30 } 23:0} 13°0 | 148 | 1571 | +294 | +347 } *500 
$5 | 27:3) 173 |.19°7 | 20°1 | *390 | “461 | °574 | 
#6 | 31:6] 21°6 | 24°7 | 25°2 | 490 | °579 | *643 | 
45 .| 35°41 254 | 29:0 | 29-7 | +577 | *682 | °707 | 
50 | 38:6| 28°6 | 32:7 | 33°5 | *650 | °768 | 766 | 
55 {441} S11 | 85°5 | 36°3 | +705 | °833 | °819 | 

60 |43°0| 33°0 | 37°7 | 38°6 | -750 | °886 | +866 

65 |44°5| 34:5 |-39-4 | 40°3 | °783 | °925 7 -906 
10 |45°7) 35°7 | 40°38 | 41°8 | -809 | °956 | °940 | 

46-4 | 36°4 | 41°6 | 42°6 | -827 | -977 | -966 

36-9 | 491 | 43°1 | *837 | :989 | +985 

47°2| 37-2 | 42°5 | 43°5 | +845 | *998 | -996 

373 | 42:6 | 43°6 | *846 | 1-000 | 1:000 
4 5 4.6 7 8 | 


these are divided by 51°51, to reduce the weights from the 
barrel to the extremity of the arm, and the quotients are the 
true measures of the resistances, which are placed in the 
next column 6,—Lastly, each of these being divided by the 
greatest, 846, give their proportions in numbers easily to be 
compared with the sines of the angles: and these propor- 
tionals are placed in the 7thcolumn; having the correspond- 
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ent sines of the angles of inclination set in the 8th or last 
column, . 

On a slight comparison it soon appears, that the numbers 
for the triangular shape, are nearly the same as those for the 
parallelogram, of equal area; evincing that the difference in 
the shape of the plane makes no material difference in the 
resistance, the area being equal. 

58. By interpolation from the foregoing numbers, the 
. following table is deduced, for every single degree of in- 
clination, accompanied with the correspondent sines of the 
same angles. 


pg yee 


| 


le | Ratios | 


Ang Sines ||Angl.]} Ratios | Sines |/Angl.| Ratios | Sines 
Tee PTE Si? P3696) 515 Wy Gt | > 895° e815 
2 6 | 35.\| 32 | 392 | 530 | 62 | 903 | 883" 
3/ 10] 52 |] 331 415 | 545 1-63 | 911 891 
41 141 70 | 341] 438 | 559 |.64 | 918 | 899 
5 | 18 |-87 || 35 | 461 | 574 || 65 | 925 | 906 
6 | 23] 105 | 36 | 484 | 588 || 66 | 932] 914 
1 | 28 |-122 || 37 | 507 | 602 || 67 | 938] 921 
8 | 341139 || 38 | 531 | 616 || 68 | 944] 927 
9} 40 | 156 || 39'}.555 | 629 || 69 | 950 | 9394 1. * 

10| 461174 || 40 | 579 | 643 || 70 | 956 | -940 |* 
11 | 531} 191 |} 41 | 602 | 656 || 7L | -961 | 946 
12 | 61 | 208 || 42 | 623 | 669 || 72 | 966] 951 
13 | 70 | 225 || 43 | 643 | 682 || 73 | 970} 956 
141. 80 | 242 | 44 | 663 | 695 || 74 | 9741 961 
15} 91 | 259 45 | 682 | 707 || 75 | 977 | 966 
16 | 102 | 276 || 46 | 700 | 719 || 76 | 980] 970 
17 | 114 | 292 j| 47 |. 718 | 731 |} 77 | 983 | 974 
18 | 127 | 309 || 48 | 735 | 743 || 78 | 985 | 978 
19 | 141 | 326 | 49 | 7521 755 || 79 | 987] 982 

20 | 156 he 50 | 768 | 766 |-80 | 989 | 985 

Dal Ate 

22 | 187 | $75 | 52 | 797 | 788 || 82 | 993 | 990 


| 23 | 204 | 391 
24 | 292 | 407 
25 | 241 | 423 
26 | 261 | 438 
27 | 282 | 454 
28 | 303 | 469 
29 | 325 | 481 
30 | 347 | 500 


541 822 | 809 || 84} 997 | 995 
55 | 833 | 819 || 85 |. 998 | 996 
56 | 845 | 829 || 86 | 999 | 998 
| 57 | 856 | 839 || 87 | 999 |} 999 
58 | 866 | 848 || 88 | 9991 g99 
59 | 876 | 857 || 89 | 1000 |. 1000 
60 | 886 | 866 || 90 | 1000 | 1000 


1-358 51°) 783.1) 777 || 81 991 988 
53 | 8101 799 || 83 | 9951 993 
| 


. 
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Where the numbers in the 2nd column, when multiplied by 
84, and divided by 1000, will give the resistance in decimals 
of an ounce, toa plane of 32 square inches area, moved with 
the velocity of 12 feet in a second of time, meeting the*air 
in the several angles shown in the first column of the table : 
and the general formula for every case of that plane, as be-~ 
fore, is 84s", where s denotes the sine, and ¢ the cosine of 
the angle of inclination, also m = 1°842, or 1°84 only. For 
other surfaces and velocities, the formula will vary nearly 
as the surfaces, or but little higher, about +, and nearly as 
the 2°04 power of the velocity. Or, for any other greater 
plane a, and velocity v, the formula will be nearly -03av*% 
s**4 feet.—For water, or any other fluid, different from air, 
this theorem will be varied in proportion to the density of 
the fluid. 

59. Though the figure of the plane makes no sensible 
difference in the resistance; yet the action on a plane will 
not apply to such curve surfaces as those of a cone or a 
sphere, as clearly appears by the table of experiments in 
" page 189; where the convexity of the hemisphere, ona sur- 
face equal to double its base, has less than half the resistance ; 
and the cone, with a surface of nearly 74 square inches, at 
an angle of 25°42’, with the path, suffers a resistance far less 
in proportion to the plane at an equal angle; for, the ratio 
of the surfaces is that of 74 to 32, much more than double, 
while that of the resistances, 376 to 255, is less than 3 to 2. 
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TRACT XXXVIL. 


THEORY AND PRACTICE OF GUNNERY, AS DEPENDENT ON THE 
RESISTANCE OF THE AIR. : 


Szcr. 1. In this tract it is proposed to deduce the gene- 
ral conclusions, from the long series of experiments made in 
Tracts 34 and 36, and to make applications of them to va- 
rious practical uses, particularly to the theory and practice 
of gunnery, as dependent on, or modified by the resistance 
of the air, now that its effects have, for the first time, been 
in part satisfactorily ascertained, by very numerous and ac- 
curate experiments. 

2. In some parts of my Course of Mathematics, certain 
notices are to be found concerning the subject, both as con- 
nected with the air’s resistance, and as independent of it. 
Thus, in the 2nd volume of that course, in props. 19, 20, 
21, 22, is delivered all that relates to the parabolic theory 
of projectiles, that is, the principles and» conclusions which 
would obtain, and regulate such projects, if they were not 
impeded and disturbed in their motions, by the air in which 
they move. For, from the enormous resistance of that mes 
dium it happens, that many military projectiles, especially 
the smaller balls discharged with high velocities, do not range 
‘so far as a 20th part of what they would naturally do in 
“empty space. That theory then can only be useful in some 
few cases of slow motions, not exceeding the velocities of 
200, or 300, or 400 feet in a second of time, when the path 
of the projectile differs but little from the curve of a parabola. 
* Also, at pa. 160, &c, are given several other practical rules 
‘and calculations, depending partly on the foregoing parabolic 
* theory, and partly on the results of certain experiments per- 
* formed with cannon balls, 

VOL, III, P 
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Again, in prop. 58, pa. 219, are delivered the theory and 
calculations of a beautiful military experiment, invented by 
Mr. Robins, for determining the true degree of velocity with 
which balls are discharged from ‘guns, with any charges of 

owder. The idea of this experiment, is simply, that the 
ball is discharged into a very large but moveable block of 
wood, whose small velocity, in consequence of that blow, 
can be easily observed and accurately measured. Then, from 
this small velocity, thus obtained, the large one of the ball is 

‘immediately derived by this simple proportion, viz, as the 
weight of the ball, is to the sum of the weights of the ball 
and the block, so is the observed velocity of the last, toa 4th 
proportional, which is the velocity of the ball sought.—It is 
evident that this simple mode of experimerit will be the 
source of numerous useful principles, as results derived from 
the experiments~thus made, with all lengths and sizes of 
guns, with all kinds and sizes of balls and other shot, and 
with all the various sorts and quantities of gunpowder; in 
short, the experiment will supply answers to all enquiries in 
projectiles, excepting the extent of their ranges; for it will 
even determine the resistance of the air, by causing the ball 
to strike the block of wood at different distances from the 
gun, thus showing the velocity lost by passing through those 
different spaces of air; all which circumstances are fully 
shown in the foregoing 34th Tract. 

3. Lastly ,in prob. 170n Forces, near the end of that volume, 
some results of the same kind of experiment are successfully 
epplied, to determine the curious circumstances of the first 
force or elasticity of the air resulting from the fired gun- 
powder, and the velocity with which it expandsitself. These 
are circumstances which have never before been determined 
with any precision. Mr. Robins, and other authors, it may 
be said, have only guessed at, rather than determined them. 
That ingenious philosopher, by a simple experiment, truly 
showed that, by the firing of a parcel of gunpowder, a quan- 
tity of elastic air was disengaged, which, when confined >in 
the space only occupied by the powder before it was fired, 


TRACT 37. OF GUNNERY. Q11 


was found to be near 250 times stronger than the weight or 
elasticity of the common atmospheric air. He then heated 
the same parcel of air to the degree of red hot iron, and 
found it in that temperature to be about 4 times as strong as 
before ; whence he inferred, that the first Strength of the in- 
flamed fluid, must be nearly 1000 times the pressure of the 
atmosphere. But this was merely guessing at the degree 
of heat in the inflamed fluid, and consequently of its. first 
strength, both which in fact are found to be much greater. 
It is true that this assumed degree of strength accorded pretty 
well with that author’s experiments ; but this seeming agree- 
ment, it might easily be shown, could only be owing to the 
inaccuracy of his own further experiments; and, in fact, 
with far better opportunities than fell to the lot of Mr. 
Robins, we have shown that inflamed gunpowder is about 
double the strength that he has assigned to it, and that it 
expands itself with the velocity of about 5000 feet per se- 
cond. 

4, Fully sensible of the importance of experiments of this 
kind, first practised by Mr. Robins with musket balls only, 
my endeavours for many years were directed to the prosecu- 
tion of the same, on a larger scale, with cannon balls; and 
having had the honour to be called on to give my assistance 
at several courses of such experiments, carried on at Wool- 
wich by the ingenious officers of the Royal Artillery there, 
under the auspices of the Masters General of the Ordnance, 
I have assiduously attended them for many-years. The first 
of these courses was performed in the year 1775, being 2 
years after my establishment in the Royal Academy at that 
place: and in the Philos. Trans. for the year 1778, I gaye an 
account of these experiments, with deductions, in a memoir, 
which was honoured with the Royal Society’s gold medal of 
that year, as before mentioned in the beginning of the 34th 
Tract, in the last volume ; where also are stated the results 
of the first experiments, as well as those of the second 
course of experiments, performed in the years 1783, 1784, 
1785, 1786, 

| P2 
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5. An ample account is given of these experiments, arid 
the results deduced from them in the 34th Tract ; some few 
circumstances only of which may be repeated here. In this 
course, four brass guns were employed, very nicely bored 

-and cast on purpose, of different lengths, but equal in all 
other respects, viz, in weight and bore, &c. The lengths of 
the bores of the guns were, ' 

the gun n° 1, was 15 calibres, Jength of bore 28°5 inc. 

n® 25> '\) 20'calibres, Ss. '.) 120." Gee S84 
7i°'3,02° 90:calibrésy 280 ge P77 
HA ao ChbPEsee eh GT PSO? 
_ the calibre of each being 24, inches, and the medium weight 
of the balls 16 oz 13 drams. 

6. The mediums of all the experimented velocities of the 

‘balls, with which they struck the pendulous block of wood, 
placed at the distance of 32 feet from the muzzle of the gun, 
for several charges of powder, were as in the following table, 


Table of Initial Velocities. 


Powder. The Guns. 


placed in the ist column, for all the four guns, the numbers 
- denoting so many feet per second. Whence in general it 
‘appears how the velocities increase with the charges of pow- 
- der, for each gun, and also how they increase as the guns are 
longer, with the same charge, in every instance. 
7. Byincreasing the quantity of the charges continually, 
for each gun, it was found that the velocities continued to 
increase till they arrived at a certain degree, different in each 


> 
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gun; after which, they constantly decreased again, till the 
bore was quite filled with the charge. The quantities of 
powder, when the velocities arrived at their maximum or 
greatest state, were various, as might be expected, accords. 
ing to the lengths of the guns: the weight of powder, with 
the length it extended in the bore, and the fractional part of 
the bore it occupied, are shown in the following table, of the 
charges for the greatest effect. , 


The Charge. 


' ay Length | Weight, Length. 
' | of the (on 
" n“ bore, OZ Inehes } Part of 
whole 

1 fase | 122 pope! foggy 

2.1 38)" 14 | 9-5. b 8 

Ge Te An OB age :; 
4 80:2 18 12°1 3 


8. Some few experiments in this course were made ta 
obtain the ranges and times of flight, the mediums of which 
are exhibited in the following table. 


Guns. | Pow- Ball's Eleva.| Time of Range First 
der |" wt | diam | gun. | flight. veloc. 
oz | oz dr | inches sec feet | feet 

i 2 16 10}:1'96) 45°] 21°2 5109 863 


2 

2116 5{1196)/ 15 | 9:2 | 4130 | 868 
do. 4116 8| 1:96] 15 | 9:2 |-4660 | 123 

8 116 12|}1°96] 15 | 144 | 6066 | 1644 

21416 12/ 1°95] 15 | 15°5 | 6700 | 1676 

8 1:96] 15 1938 


10°1 5610 


In this table are contained the following concomitant data, 
determined with a tolerable degree of precision; viz, the 
weight of the powder, the weight and diameter of the ball, 
the initial or projectile velocity, the angle of elevation of the 
gun, the time in seconds of the ball’s flight through the air, 
and its range, or the distance where it fell on the horizontal 


‘ 
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plane. From which it is hoped that some aid may be de- 
rived towards ascertaining the resistance of the medium, and 
its effects on other elevations, &c, and so afford some means 
of obtaining easy rules for the cases of practical gunnery. 


Penetrations of Balls into 
solid Hlm wood. 
Powder2| 4 | 80z 


9. Another subject of en- 
quiry in the foregoing experi- 
ments, was, how far the balls 
would penetrate into solid 
blocks of elm wood, fired in 
the direction of the fibres, 
The annexed tablet shows the 
results of a few of the trials 
that were made with the gun ey & 
n° 2, with the most frequent Means 71 15 20)5 
charges of 2, 4, and 8 ounces of powder; and the mediums 
of the penetrations, as placed in the last line, are found to 
be 7, 15, and 20 inches, with those charges. These pene 
trations are nearly as the numbers 

2, 4,6, or 1, 2, 33 but the charges of powder are as 

2, 4, 8, or 1, 2, 4; so that the penetrations are propor- 
tional to the charges as far as to 4 ounces, but in a less ratio 
at 8 ounces; whereas, by the theory of penetrations, the 
depths ought to be proportional to the charges throughout, 
or, which is the same thing, as the squares of the velocities, 
So that it seems the resisting force of the wood is not uni- 
formly or constantly the same, but that it increases @ little 
with the increased velocity of the ball, This may probably be 
occasioned by the greater quantity of fibres driven before 
the ball; which may thus increase the spring and resistance 
of the wood, and prevent the ball from penetrating so deep 
as it otherwise might do. 

10. From a general inspection of this second course of 
these experiments it appears, that all the deductions and ob- 
servations made on the former course, are here corroborated 
and strengthened, respecting the velocities and weights of the 


balls, and charges of powder, &c. It further appears also, 


18°9 
13-5 | 21°2 
18°] 
20'8 
20°5 


Ract 37. ; OF GUNNERY. 215 


that the velocity of the ball increases with the increase of 
charge only to a certain point, which is peculiar to each gun, 
where it is greatest; and that by further increasing the 
charge, the velocity gradually diminishes, till the bore is 
quite full of powder. That this charge for the greatest ve- 
locity is greater as the gun is longer, but yet not greater in 
so high a proportion as the length of the gun is; so that the 
part of the bore filled with powder, bears a less proportion 
to the whole bore in the long guns, than it does in the shorter 
ones; the part which is filled being indeed nearly in the in- 
verse ratio of the square root of the empty part. 

11, It appears that the velocity, with equal charges, al- 
ways increases as the gun is longer; though the increase in 
velocity is but very small in comparison to the increase in 
length; the yelocities being in a ratio somewhat less than 
that of the square roots of the length of the bore, but greater 
than that of the cube roots of the same, and is ‘deed nearly 
in the middle ratio between the two. 

ae... At APRERTS, from the table of ranges, that the range 
increases in a much lower ratio than the velocity, the gun 
and elevation being the same. And when this is compared 
with the proportion of the velocity and length of gun in the 
Jast paragraph, it is evident that we gain extremely little in 
the range by a great increase in the length of the gun, with 
the same charge of powder. In fact, the range is nearly as 
the 5th root of the length of the bore; Ot ia is so small an 
increase, as to amount only to about a 7th part more range 
for a double length of gun.—From the same table it also ap- ° 
pears, that the time of the ball’s flight is nearly as the range; 
the gun and elevation being the same. 

13. It has been found, by these experiments, that no dif- 
ference is caused in the velocity, or range, by varying the 
weight of the gun, nor by the use of wads, nor by different 
degrees of ramming, nor by firing the charge of powder in 
different parts of it. But that a very great difference in the 
velocity arises from a small degree in the windage: indeed 
with the usual established windage only, viz, about =!, of the 
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calibre, no less than between 4 and + of the powder escapes 
and is lost: and as the balls are often smaller than the regu- 
lated size, it frequently happens that half the powder is lost 
by unnecessary windage. | . | 

14. It appears too that the resisting force of wood, to 
balls fired into it, is not constant: and that the depths pene- 
trated by balls, with different velocities or charges, are nearly 
as the logarithms of the charges, instead of being as the 
charges themselves, or, which is the same thing, as the square 
of the velocity.—Lastly, these and most othet experiments, 
show, that balls are greatly deflected from the direction in 
which they are projected: and that as much as 300 or 400 
yards in-a range of a mile, or almost 1th of the range. 

15. Proceed we now to state the denancon: and applica- 
tions of the experiments made in the years 1787, 1788, 1789, 
1791. These experiments, we have aie were chiefly 1 in- 
stituted to obtain the effects of the air’s resistance to balls, 
in their rapid flight through it. To determine the resistance 
to the very high velocities, were employed balls of three 
several sizes, viz, of 2 inches, 2°78 inches, and 3°55 inches 
in diameter. ‘These were discharged vith various degrees 
of velocity, from 300 feet to 2000 feet in a second of time; 
and they were also made to strike the pendulum block ‘at 
several different distances from the guns, in order to obtain 
the quantity of velocity lost, in passing through those spaces 
of air ;. whence the degrees of resistance were obtained , ap- 
propriate to the different velocities. These series of resist- 
ances, for the three sizes of balls above-mentioned, have 
been obtained in a state remarkably regular, not aint each 
series in itself, but also in comparison with each other; the 
terms in every one of them following a certain diiforn® law, 
in respect of the velocity, being indeed nearly as the 22, 
power of the velocity; and the terms of any one series also, 
as compared with the corresponding terms of another, with 
the same velocity, these being in a constant proportion to 
one another, viz, as the surfaces of the balls moved nearly, 
or as the squares of their diameters, with about 2, part more 
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in eounting from the less ball to the greater, or. part less 
when comparing the greater ball to the less. 

16. ‘The same laws of resistance were also found to ob« 
tain in the slower motions, with the whirling-machine in the 
36th ‘Tract, both in respect of the different velocities with 
the same body, and of the different bodies with the same ve- 
locity. From which uniformity of effects it happens, that 
the numbers resulting from the larger velocities, in the one 
course of experiments, and those derived from the slow mo- 
tions in the other course, form as it were the terms, in the 
different parts of one and the same general series of resist- 
ances. These circumstances enable us, easily and justly, to 
interpolate and fill up the intermediate places, between 300 
feet, the smallest of the rapid motions, and 20 feet, the 
greatest of the slow ones. And hence we obtain the folluee 
ing complete series, from the smallest to the greatest, for a 
ball of just 2 inches in diameter. 
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17. Table of the Aw’s Resistance to a Ball of 2 inches 
_ Diameter. ) 


, ? |Resist. as ! 
Veloc. | Resist. |Resist. by Ratio of ihe pow- Resist- 


per sec. ‘py exper.) theory, |°%PCS: '0 ers of the] ances in 
in feet. Me ‘ theory. | veloc, Ibs. 


feet Oz of? Me 
5 | 0:00610°:005 | 1°20 
10 | 0°026{0°021 | 1:23 
15 | 0:058}0:046 | 1:25 | 
20 | 0103 | 0082 | 1:26 
25 | 016310128 |} 1:27 
30 | O937| 0184 | 1:29 
40 | Q:42710:329 | 1°30 
50 | 0°676}0°511 | 1°32 
100 | 2:78] 2:046 | 1:36 1 O1T4 
200 | 11°34| 818] 1:39 | 20281 0-709 
300 | 25:8] 18:4] 1°42 | 2-028] 1°612 
400 | 46:5} 32°71 1°43 | 9032! 2906 
500 | 7441 5121 1°46 | 2:0421 4-650 
600 | 11041 73:6 | 1°50 | 2055} 6°900 
700 | 1560] 1002 | 1°35 | 2069] 9°750 
soo | 212-0} 130°9 | 1°62 | 2-084] 13-250 
900 | 280-31 165°7 | 1°69 | 2099} 17°319 
1000 | 362:1| 2046 | 177 | 2:118 | 22-625 
1100 | 456°9| 2476 | 1°84 | 2-128 | 28-556: 
1200 | 564°4| 2946 | 1:91 | 29138 | 35-275 
1300 | 683°3 |} 345°7 | 1:98 | 2°146 1} 42°706 
1400 | $11°5 | 401-0 2°03, | 2151 50°719 
1500 | 9471 | 460°1 | 2°06 | 2:153] 59°194 
1600 |1086-9 | 523°7 | 2:08 | 2159 67-931 
1700 119984 | 591-2 | 2-07 | 2150 16775 
1800 |1368°6 | 662°3 | 2°06 | 2:145| 85°537 
1900 11505°7 | 7385 | 2:03 bar 94° 106 
2000 |1637°8 | 818°3 | 2-00 | 2°136 1102362 


18. In the first column of this table are contained the 
series of velocities, to the ball of 2 inches diameter, from 
that of 5 feet up to 2000 feet per second of time; and in the 
2nd column are placed the correspondent resistances, ex- 
pressed in avoirdupois ounces and decimals. For the pur 
poses of comparison, in the 3rd column are placed the cos- 
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respondent degrees of resistance to the same ball, as com- 
puted from the known theory of such resistances, viz, con- 
sidered as being proportional to the square of the velocity. 
The theorem for this ‘purpose is investigated in prob. 20, 


pa. 367, vol. 2 of my Course of Mathematics, and’ is this, 
a2 Caer | i 

‘sag = r the resistance, where p is = 3'1416, 7 = spe- 

cific gravity of the medium, g = 16, d = the ball’s diameter, 

and v = its velocity, both expressed in feet. Now, for our 

ball of 2 inches or + of a foot in diameter, that is, d = 1, 


and the value of m = 12 ounces} the mean specific gravity 


of air, the theorem becomes ant or a = r, the re- 
sistance. Hence all the series of resistances will be easily 
found, by dividing the squares of the velocities by the con 
stant number 4888 ; or, still easier, by dividing the squares 
of the triple velocities by 44000, [a this manner then were 
easily found the theoretical resistances, as placed in the 3rd 
column of the table. 

19. Then, to form a comparison between these two co- 
lumns, of the experimental and theoretical resistances, each 
number in the former is divided by the correspondent num- 
ber in the latter, and the ratios or quotients are set opposite 
them in the next or 4th column; where it Is seen that, near 
the beginning, or with the slowest motions, the experimental 
or real resistance, exceeds the theoretical one, by about the 
5th part, or in the ratio of 6 to 5; that as the velocity is in- 
creased, the former gains more and more over the latter, all 
along, till at the velocity of 1600 feet per second, where'the 
difference is at the greatest, the former being more than 
double the latter, or in the ratio of 2°08 to 1; atte? which, 
as the velocity is further increased, the ratio slowly decreases 
again, and terminates at 2000 feet velocity, in the ratio of 2 
to 1 very nearly. 

20. To the former 4 columns a 5th is added, to show 
according to what power of the velocity, at every point, the 
resistance increases, being the indices of those powers, by 
comparing constantly a first number, tor instance that of 
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the 100 feet velocity, with each of the following ones sepa- 
rately, first the 100 with the 200, then the 100 with the 300, 
then the first with the 400, and so on to the end ; by which 
means it appears that, commencing with the 2nd power or 
square of the velocity, at the very beginning or slowest mo- 
tion, the exponent of the power gradually increases, till, at 
the velocity of 1500 or 1600 feet, it arrives at the 2°153 
power of the same, being nearly the 24+ power, or 2,2, more 
nearly, that is, the resistance to the 100 feet velocity, is to 
that of the 1600 feet velocity, as 100**53 to 1600*'53, or as 
1**53 to 167"53, or as 1 to 1673, since all the powers of 1 are 
equal to 1 only; so that, if 7 be put to denote 2:78 ounces, 
the resistance to the velocity of 100 feet velocity, then 2°78 
x 1673 will be the resistance to the 1600 feet velocity; 
and so on for the others. After the 1600 feet velocity, 
where the exponent (2'153) is greatest, it gradually de- 
creases again to the end. It may further be noticed, that 
the aisiterical medium among all these exponents of the 
powers, 1s 27104, or 27, edb The 6th or last column is 
added, to show the resistances in avoirdupois pounds. 

21. The method of determining these indices of the 
powers, is the same as employed in art. 43 of the 36th Tract; 
viz, having given any two velocities v, v', and their corre- 
spondent resistances r, 7’; to find, according to what powers 
of v and v’, the Pécidancks r, 7’ are proportional. Let x de- 
note the rep of the power of the two velocities », v’ ; 
then o*; v*:: 7:7"; hence, dividing the consequents by the 


, i” 
antecedents, gives | : (=)*2: 1 ie ; ee ere beds = >} 


taking the logarithms gives x x log. “= = log. — —; hence + 
= eee “ that is, the exponent of “ft: power of the ve- 
locities, to which the resistances are proportional, is equal to 
the quotient of the differences of the logs. of the resistances, 
divided by the ditlerence of the logs. of the velocities. Now, 
to apply this theorem to the calculation from the numbers 
in the preceding table of our experiments, beginning at the 


velocity of 100, and thence to find the exponents for all the 
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succeeding velocities 200, 300, 400, &c, the continual quo- 

‘tients =, of each of these velocities 200, 300, 400, &c, di- 
vided by the first 100, give the successive numbers 2, 3,4, 
&c, the logs. of which therefore are the correspondent di- 
visors to the difference between the logs. of the first resist- 
ance and that of each of the following ones, to give the re- 
spective numbers denoting the indices of the powers, as ar- 
ranged in the 5th column of the table. 

22. ‘The circumstance of the variable and increasing ex- 
ponent in the ratio of the resistance, is owing chiefly to the 
increasing degree of vacuity left behind the ball, in its flight 
through the air, and to the condensation of the air before it. 
It is well known, that air can only rush into a vacuum with 
a certain degree of velocity, viz, about 1200 or 1400 feet in 
a second of time; therefore, as the ball moves through the 
air, there is always left behind a kind of vacuum, either par- 
tial or complete ; that as the velocity is greater, the degree 
of vacuity behind goes on increasing, till at length, when 
the ball moves as rapidly as the air can rush in and follow 
it, the vacuum behind the ball is complete, and so continues 
complete ever after, as the ball continues to move with all 
ereater degrees of velocity. Now the resistance, which the 

ball suffers in its flight, is of a triple nature; one part of it 
being in consequence of the vis inertia of the particles of air, 
which the ball strikes in its course ; another part from the 
accumulation of the elastic air before the ball; and the third 
part arises from the continued pressure of the air on the 
forepart of the ball, when the velocity of this is such as to 
leave a vacuum behind it in its flight, either wholly or in 
part: for, while the ball is at rest, it is manifest that this 
pressure of the whole atmosphere is the same or equal on all 
sides of the ball; but, as soon as the ball begins to move, it 
is also manifest that the pressure behind will be less than the 
constant degree of pressure in front, and the difference must 
be the greater as the motion of the ball is the more rapid, 
being in fact proportional nearly as the velocity of the ball, 
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as compared -with that of air rushing into a complete 
vacuum, that is, while the former is not greater than the lat- 
ter ; for, as soon as. the motion of the ball becomes equal to 
that of the air, and always when greater, then the ball has to 
sustuin the whole pressure of the atmosphere on its forepart, 
without having any aid from a ceunter-pressure behind, 

23, Thus then we see that the resistance against the ball 
is two-fold, (besides that arising from the unknown degree 
of compression before the ball), the one arising from percus- 
sion, by the bal] striking and displacing the particles of air 
in its path, and which increases continually in the duplicate 
proportion of the ball’s velocity; and the other from the 
weight of the atmosphere, increasing with that velocity, to 
which, being of the nature of pressure, it is proportional ; 
but arriving at its maximum when that is equal to or exceeds 
the velocity of air into a vacuum, after which it is a constant 
quantity for all greater degrees of velocity. ‘These circum- 
stances then very well show the reason why the experimented 
resistance proceeds in a ratio increasing gradually more and 
more above the square of the velocity, till this exceeds 12 or 
14 hundred feet, the motion of air into a vacuum, and then 
rather decreases again. So that it appears that the whole 
estimatable resistance consists of two parts; of which the one - 
part is proportional to the square of the velocity, and the 
ether is simply as the velocity only. 

24. Besides the experiments hitherto noticed, others were 
at several times performed, both with guns and mortars, dis- 
charged with different degrees of elevation and velocities, to 
observe the extent of Bes ranges, the times of flight, and the 
angles at which the shots fall to the ground; a Synopsis of 
such experiments of this kind as have been made, is contained 
in the following table. 
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N° ote = Th ¥ safer Range 
piece. 3s. Save 
degr. feet 

1} 45° 5109 
2 158 4130 
Bi 5 4660 
4} 15 6066 
S115 6700 
6) 15 5610 
71°45, 256 
8} 45 870 
91-45 376 

AO} 45 1068 

ELE as 368 

12} 45 1083 

13] 45 4.26 

14] 45 505 

15} 45 408 

16} 60° 4.350 

17] 60 4950 

18} 60 5220 

19} 60: 5790 

20) 45 7360 

21} 45 5850 

22) 45 3870 

23) 45 5850 

24} 30 7680 

25 1)°20' 4800 

261 45 7360 

27)°45 $130 

28| 715 5960 

29} 715 6130 

30} 35 6150 

$1455 5100 

321 45 6080 


223 


Remarks. 


One pound | 
balls, = 


with lead. 

Solid iron 
balls 

Shells filled 
with water, » 
Empty shell. 
© Oaken ball. 
Paper ball. 
Solid ball. 
Shell. 
Solid ball, 
Shell. 


| 
a 
wee filled | 


Ang.offali61°3 


Angle § 52° 
tor ll Glg 


Some applications of the foregoing principles we now pro- 


~eeed to state, in the following problems. 
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PROBLEM I. 


25. To determine the Resistance of the Medium againsi a 
Ball of any other size, moving with any ” the Velocities 
contained in the Jaren table. 


The experiments, that have been so amply detailed, suf- 
ficiently prove that the resistances increase in a rather higher 
ratio than the surfaces of different bodies, with the same ve- 
locity. Yet the ratios of the resistances, and of the surfaces, 
or of the squares of the diameters, which is the same thing, 
are so nearly alike, that they may generally be considered as 
equal to each eer in most calculations relating to artillery, 
or other practice. For example, to compare some of the 
experiments which we have made with the three different 
sizes of balls, viz, of 2 inches, and 2°78 inches, and 3°55 
inches diameter; of which the table of resistances for the 
first was given in art. 17 preceding, and also in art. 145 of 
tract 34, as far as to 2000 feet velocity; that for the 2nd 
size in art. 167 of that tract, from 900 to 1700 feet velocity ; 
and that for the 3rd size, in art. 193 of the same tract, from 
1200 to 1800 feet velocity. Now the three diameters being 
2, and 2°78, and 3°55, the squares of which are proportional 
to the three numbers 1, and 1:931, and 3°15, which are also 
the ratios of the three surfaces. Now taking any'one of the 
velocities that is common to all the three tables, as suppose 
that of 1200 feet per second, we find the three resistances, 
corresponding to this velocity, are 564°5, and 1133, and 
1840, which three numbers are in the ratios of 1, and 2°01, 
and 3°26, where the two latter numbers exceed the corre- 
sponding two of the former, the one by the 25th part, and 
the other by the 35th part. Again, let us compare the re- 
sistances for the 1700 feet velocity, which are 1228°4, and 
~ 2472, and 4010, which we find are in the ratios of 1; and 
2°013, and 3°26, which are again nearly in the same ratios as 
the former. So that it appears, that the resistances in gene- 
ral may be considered as increasing above the ratio of the 
surfaces, by about the 30th part only. For example, sup- 
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pose it were required to determine what would be the re- . 
sistance of the air against a 24lb ball discharged with a ve- 
locity of 2000 feet per second of time. Now, by the Ist of 
the foregoing tables, the ball of 2 inches diameter, when 
moving with the velocity 2000, suffered a resistance of 1638 
ounces, or 102lb; then, since the resistances, with the same 
velocity, are as the surfaces nearly; and the surfaces are as 
the squares of the diameters; and the diameters being 2 and 
5°6 nearly, the squares of which are 4 and 31°36, therefore 
as 4: 31°36 : : 102Ilb : 800lb nearly, that is, the 24lb ball 
would sufler the enormous resistance of 800Ib in its flight, in 
opposition to the direction of its motion! 

And, in general, if the diameter of any proposed ball be 
denoted by d, and 7 denote the resistance in the last table 
due to the proposed velocity of the 2 inch ball; then 1d*r 
will denote the resistance with the same velocity against the 
ball whose diameter is d. 


PROBLEM Il. 


26. Toassigna Rule for determining the Resistance due to 
any Indeterminate Velocity of a Given Ball. 


This problem is very difficult to be performed near the truth, 
on account of the variable ratio which the resistance bears to 
the velocity, increasing always more and more above that of 
the square of the velocity, at least to a certain extent; and 
indeed it appears that there is no single integral power what- 
ever of the velocity, or no expression of the velocity in one 
term only, that can be proportional to the resistances through- 
out. It is true indeed, that such an expression can be as- 
signed by means of a fractional power of the veloeity, or ra- 
ther one whose index is a mixed number, viz, 2, or 2°13. 


= the resistance, i r | 
thus —— Ren resistance, is a formula in one term only, 


which will answer to all the numbers in the last table of ree 

sistances very nearly, for the ball of 2 inches diameter; and 

consequently, by means of the ratio of the squares of the di- 

ameters of the balls, for any other balls whatever. But this 
VOL, III. a 
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formula, though serving very well for some particular resist- 
ance, or even for constructing a complete series or table of 
resistances, is not proper for the use of problems in which 
fluxions:and fluents are concerned, on account of the mixed 
number 2.!,, in the index of the velocity v. 

We must therefore have recourse to an expression in two 
terms, or a formula containing two integral powers of the 
velocity, as v and v, the first ae A powers, affected 
with general coefficients m and n, as mv* + nv = 1, the re- 
sistance. Now, to determine the general numerical values 
of the coefficients m and m, we must adapt this, general ex- 
pression mv + nv = 1, to two particular cases of velocity, 
at a convenient distance from. each other, in one of the fore- 
going tables of resistances, as the last for instance. Now, 
after making several trials in this way, it is found that the 
two velocities of 500 and 1000 answer the general purpose. 
better than any other that has been tried, Thus then, em- 
ploying these two cases, we must first make v = 500, and 
y= 74:4 0z = 4°65]b, its correspondent resistance, and then 
again v = 1000, and r = 362 0z = 225lb, the resistance 
belonging to it: this will give two, equations, by which the 
general value of mand of n will be determined. Thus then 
the two equations being 

50u%m™ + 500n = 465, 
and 1000’ + 1000n = 22°625; 

dividing the 1st by 500, and § 500m + n = 0093, 

the 2d by 1000, they are 1000m + n = °022625; 
the dif. of theseis . . . 500m = *013325, 
and therefore div. by 500, gives m = 00002665; 
hence 7 =°0093— 500m = °0093 — °013325 = — -00665=n. 
Hence then the general formula will be *00002665v? — 
‘004025v = 7, the resistance nearly in avoirdupois pounds, 
in all cases, or al] velocities. whatever. 
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27, Now, to find how near | yelocs. | Comput. | Exper. 
tothe truth this theoremcomes, orv. | ~ resists. resists. 
in every instance in the table, 


se 40 7h ah ea 100 | 133 | +174 
»y substituting for v, in this 200 | +'266 "109 


formula, all the several velo- 300 1*200 1°612 
cities, 100, 200, 300, &c, to | 400}. 2°666 | 2'906 
2000, these give the corre- Hoe si HOOP 
spondent values of 7, or the re- rao} 10:206 | 9750 
sistances, as in the 2d column goo | 13866 | 13-250 
of the annexed table, their ve- 900 | 18°000 | 17°519 
locities being in the first co- | 1000 | 22°666 22°625 
lumn; and the real experi- | 1100 | 27866 | 28°556 
mented resistances are set op- | 1200 ak 35°275 
; ¢ 1300 | 39°866 | 42°706 
posite to them in the 3d or last | j469 | 46-666 | 30-719 
column of the same. By the | js09 | 54-000 | 59°194 
Comparison of the numbers in | 1600 | 61°866 | 67°931 
these two columns together, it | 1700 | 70°466 | 76°775 
is seen that there are no where | 1800 | 79°200 | 85°537 
any great difference between Fenced ig Nas eaa ORO Mas 
Pe, 9000 | 98°666 !102°362 
them, being sometimes a little 
in excess, and again a little in defect, by very smail differ- 
ences'; so that, on the whole, they will nearly balance one 
another, in any particular instance of the range or flight of 
a ball, in all degrees of its velocity, from the first or smallest, 
to the last or greatest. Except in the first two or three 
numbers, at the beginning of the table, for the velocities 100, 
200, 300, for which cases another theorem may be employed. 
Now, in these three velocities, as well as in. all that are 
smaller, down to nothing, the theorem ‘0000176v* = r the 
resistance, will very well serve, as it brings out for the first 
three resistances 176, and *704, and 1°584, differing in those 


cases by a very small fraction only. 


The same otherwise. 
23. If however the foregoing rule, (‘00002665v— 004025) 
° . Y. 
v = 1, for the ball of 2 inches diameter, be not in all cases 
quite near enough, as it varies from the truth so much as 3, 
QZ 
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part nearly in one place, viz, when the velocity is about 
1600 or 1700 feet per second; we may find a more exact 
formula in the following manner. Let us suppose the re- 
sistance to be proportional to three different powers of the 
velocity, that is, partly as the square v*, and partly as the 
first power v, and partly as the } power ake with indetermi- 
nate coefficients, or expressed by rv 4 yo? + sv = r,.0n 
(cv + yV¥v-+2)v=r; then the values of the three assumed 
general quantities 2, 7, 2, will be determined, by assuming 
r equal to the true or experimented resistance at three seve- 
ral parts of the series, as at the three velocities 600, 1200, 
1800 teet, by which means the resulting formula will be 
quite correct for all these three velocities, and very nearly 
so for all the other or intermediate ones. Now, the experi- 
mented resistances for those three velocities are 6°9, and 
35°275, and 85°537; these numbers then being substituted 
severally for r, there results the three following equations, 

600% + 6007 y + G00z = 69, 

1200*% + 12007 y +. 1960 z= G5'*275; 

1800%r + 18007 y + 18002 = 85°537. 
Then, dividing the first of these by 600, the second by 1200, 
and the third by 1800, there result the three 

600% + yV 600 + z = 0115, 

12004” + y./ 1200 + z = °029396, 

18002 + yW 1800 + z = ‘0475205. 
Now, subtracting the first of these from the 2nd, and the 2nd 
from the 3rd, there result these two, 

6004 + (4/1200 — / 600) y = ‘017896, 

600xr + (W1800 — 4/1200) y = 0181245. 
And the difference of these two is 

(VW 1800 — 27 1200-4 4/600)y = :0002285, or diy. by 
4/600 it is (4/3 —2/2+4/1)y='00000933, and then 


00000933 00000933 
Tiare Red Se 7096376 _ 0000968, the value of ¥. 


Hence 600r= *017896 —(4/1200— / 600)y=-018878, 
and also 6002°='0181245—(4/ 1800 — 4/ 1200)y=-018878, 


018878 
therefore t= = ‘000031463, the value of x. 


FRACT 37. OF GUNNERY. 229 


Thenz= -‘0115— 6007 —y¥V 600 = — ‘005007, 
or z = °029396—1200r — y¥ 1200 = — ‘005007, 
and s ='0475205 — 18002 — yW 1800 = — *005007, 


all the three values the same, showing so far the truth of 
these deductions. Hence the general formula for the resist- 
ance will be nearly | 
(00003 146v — *0000968,/% — :005) v = 7, 
or (‘00003 L5u — ‘0001,/v — ‘005)u=7, 
which is quite correct for the three velocities, 600, 1200, 
1800, and very nearly so for all the others. 

29. But, further, the middle turn -0001,/v may be ex- 
punged, and so the formula rendered much more simple, in 
the following manner. By adapting this formula to.a few 
of the velocities, in different parts of the series, it is found, 
not only that the 2nd and 3rd terms, ‘0001 Vv and ‘005 are al- 
ways both very small in respect of the first term ‘00003 146v, 
but also that the 2nd term, ‘0001/77, may be generally 
taken at about 3 of the 3rd term °005, or nearly = ‘0G3 on 
a medium; therefore these two small terms together are 
nearly = 008 ; consequently the foregoing formula becomes 
(00003146% — ‘008) v = rnearly. 

30. Computing now, by this formula, all the series of the 
resistances, or values of r, for all the several velocities, it is 
found that they come out a little nearer than those by the 
former theorem (‘00002665v — *004) v = r, but having dif- 
ferences from the true resistances the reverse way, most com- 
monly, the one from the other, that is, the one being itt ex- 
cess, for the most part, when the other is in defect. This 
circumstance then naturally suggests the idea of taking the 
medium between the two, for a still nearer formula, that is, 
half the sum 

of (‘00002665v — *004)v = 7, 
and (:00003146v — ‘C08)v = 7, 
which is (*00002906v — *006)v = r, 
or nearly (0000291v ~— ‘G06)u=r 
the diameter of the ball being 2 inches; ae therefore, for 
any other diameter d, the resistance will be 
(0000073 v — *0015)ud*= r, 
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31. Now, by computing, by the preceding formule, the 
resistances for all the velocities, they come out as in the fol- 
lowing table. | 


Velo- 
city 


feet 
100 
200 
300 
400 
500 
6Q0 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 


_ | | en fn TE | eG | A 


True re- 


sistance 


by exper. 


Ibs. 
17 
‘71 

1°61 

2°91 
4°65 
6°90 
9°75 
13°25 
17°52 
22°63 
28°56 
35°28 
42°77) 
50°72 
59°19 
67°93 
16°78 
(85°54 
94°11 
102°36 


‘00002665? |-00003146u?2 |-000029 06v? | 00003026v? 


— 004. 


lbs 
—°13 
+°2% 
1:20 
2°67 
4°67 
7°20 
10°21 
lo 52 
18:00 
22°67 
27:87 
ago d 
39°37 
46°67 
5400 
61°37 


Resistance by the Formule. 


— ‘O08v. 


lbs. 
—°48 
—°34 
+ °43 
1°83 
3°87 
6°53 
9°82 
asp 
18°28 
23'46 
29°27] 
35°70 
42°77 
50°46 
58°79 
6174 
RT:32 
87°53 
98°37 
109°85 


— "O06u 


en 


Ibs. 
“a 31 
— ‘04 
4+. -82 

2°26 

4°28 
6°87 
10°06 
13°82 
18°17 
23°11 
28°61 
34°70 
41°38 
43°64 
56°48 

~ 64°90 
73°90 
83°48 
93°65 
10400 


—"007v 


Ibs 
—°39 
—°19 
463 

HOP 

4°O8 

6:70 


9°94 


3:7 
18°22 
23°28 
28°94 
35°20 
42°08 
49°55 
57°64 
66°32 
75°61 
85°50 
96°01 

106°92 


‘000030238? 


—O'1] 
+0°08 
0°88 
2°29 
4°29 
6°90 
10°12 
13°95 
18°38 
23°41 
29°06 
35°30 
42°15 
49°62 
57°69 
66°36 
715.63 
85°52 
95°99 
107°09 


Where the first column contains the series of velocities, the 
2nd'column the series of true or experimented resistances ; 
the $rd the resistances as computed by the formula 
°00002665v* — ‘004v, or (‘02665u — 4) x ‘OOlv, in which 
we perceive that the numbers agree nearly with the true re- 
sistances as far as to the velocity 1100, after which they are’ 
gradually more and more in defect, till the error amounts to 
more than 7 out of 77, or about the , part, and which there- 
fore deviates foo much from the truth in the higher veloci- 
ties, Again, the 4th column contains the resistances as com- 


— 0071 + 0°3 


a 


‘ ~ 
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puted from the formula :00003 14607—-0084 or (‘03146v~8) 
x *001lv, which agree nearly with the true resistances as fat 
as to the velocity 1700, after which they are in excess, having 
in the 1800 velocity 2 in excess, or the 43rd part; in the 
1900 velocity, 4 in excess, or the 24th part; and at the 2000 
velocity, 7 in excess, or the 15th part. Further, the 5th co- 
Jun contains the resistances as computed from the theorem 
°00002906v* — ‘O006v, or (‘02906v — 6) X “001, being the- 
medium between the two preceding ones; and these numbers 
are nearer the truth than either of the former, the greatest 
error, in defect, being, at 1700 velocity, between 3 and 4, 
or about the 20th part. Also, in the 6th column are exhibit- 
ed the resistances as computed by the theorem ‘000030269? 
—"007v or (°03026v—7) x 001v, being the medium between 
the two preceding it, which may be esteemed sufficiently 
near the truth, varying but by two or three units in the last 
two velocities. 

But, it must still be understood that for the first three or 
four velocities, the foregoing simple rule -0000176v’, will 
always give the nearest value of the true resistance. 

32. Lastly, another theorem may be found still a little 
nearer the experiments, on this principle, viz, ip three terms, 
containing the square of the velocity, and the velocit#} and 
a constant quantity, as.rv* + yu + 2. Now, expounding vu 
severally by the three velocities 600, 1200, and 1800, and 
making the results equal to their correspondent resistances, 
we obtain the following near values of the coefficients, viz, 
£= *00003028, and y = — ‘00716, and-z = 0°3; by which 
the assumed theorem becomes :00003028v* — ‘O074u + 0°3, 
nearly. Then the resistances computed by this formula, for 
all the velocities, or values of v, they are as arranged in the 
7th or last column, and are mostly nearer than the preceding 
ones, being only a littte too small in the first two or, three 
numbers, and too large in the last two numbers. Indeed 
most of these chaoheinis! exhibit the last two numbers as larger 
than the experimented ones; whence it may be suspected, 


*. 
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that these two numbers are really too small, and, that they 
should probably be about 95 and 104. 


33. Corol. 1. The foregoing rule *00003026v* — 007v 
= 1, in the 6th column, denotes the resistance for the ball 
in the table whose diameter is 2, the square of which is 4; 
hence to adapt it to a ball of any other diameter d, we have 
only to alter the former in proportion to the squares of the 
diameters, by which it becomes + (‘00003026v? — ‘0070)@* = 


- (000007565v* — *00175v)d*, which is the resistance for the 


ball whose diameter is d, with the velocity v. 


34. Corol.2. And, in a similar manner, to adapt the 
theorem °0000176v? = r, for the smaller velocities, to any 
other size of ball, we must multiply it by 4d”, the ratio of 
the surfaces, by which it becomes °0000044d*v* = r. 

We shall soon take occasion to make some applications in 
the use of the foregoing formulas, after considering the ef- 
fects of such velocities in the case of nonresistance. 


PROBLEM Ill. 


35. To determine the Height to which a Ball will rise, when 
discharged from a Cannon Perpendicularly U, pwards with a 
Given Velocity, in Nonresisting Space, or supposing no Re- 
stance in the Air. 


By art. 73 pa. 151 vol. 2 of the Academy Course, it ap- 
pears that any body projected upwards, with a given velocity, 
will ascend to the height due to the velocity, or the height 
from which it must naturally fall to acquire that velocity; 
and the spaces fallen being as the square of the velocities; 
also 16 feet being the space due to the velocity 32 ;:there- 
fore the space due to any proposed velocity v, will be found 
thus, as 92°: 162: vw :s the space, of as 64:1: 2 gagatu* 
= s the space, or the height to which the velocity v will 


cause the body to rise, independent of the air’s resistance. 


Livan. For example, if the first or projectile velocity, be 
2000 feet per second, being nearly the greatest experimented 
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velocity; then the rule 2,07 = s becomes #- x 2000° = 
62500 feet = 114 miles; that is, any body, projected with 
the velocity 2000 feet, would ascend nearly 12 miles in 
height, without resistance. 


36. Corol. Because, by art. 88 Projectiles vol. 2 of the 
Course, the greatest range is just double the height due to 
the projectile velocity, therefore the range, at an elevation 
of 45°, with the velocity in the last example, would be 232 
miles, in a nonresisting medium. We shall now see what 
the effects will be with the resistance of the air. 


PROBLEM IV. 


37. To determine the Height to which a Ball, projected Up- 
wards as tn the last Problem, will ascend, being Resisted by 
the Atmosphere. 


Putting x to denote any variable and increasing height as- 
cended by the ball; v its variable and decreasing velocity 
there; d the diameter of the ball, its weight being w; m = 
00000757, and zm = ‘00175, the coefficients of the two terms 
denoting the law of the air’s resistance. Then (mv? — nv) 
d’, by cor. 1 to prob. 2 2, will be the resistance of the air 
against the ball in avoirdupois pounds; to whichgif the 
weight of the ball be added, then (mv — nv)d* + w will be 


the whole resistance to the ball’s motion; this divided by w, 
(mv? — nv)d> + w 


Ww. 


the weight of the ball in motion, gives 


mv? — nv 


d’ + 1=f the retarding force. Hence the general 
formula vd = 2gf% (theor. 10 pa. 342 vol. 2. of the Course) 


. x (mv? — nv) d? + w ; : , 
becomes — vv = 2gx% X —————, making v negative 


because v is decreasing, where g = 16 feet; and hence 


DB). 
vi . w nT —w vy 
Saal Osta eha eet Sa ne 
ms. md? 


Now, for the easier ee ie the fluent of es assume 


nr 
 — — ° — 
Ba 3, ROD 2 oy A oh ay ain = Fab ng fo, 


and wv = 2% + 5%, and v a 9 + sg z*,-and v? — 


we 
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” 


9 


—va ez ; these being substituted in the above va- 


fie of x, it becomes + = 


°? 
Ma + 0.” . . . es 
i x 2m — _—® x 25 + pz fone SST IE ee + PZ, 
%emd? < oie ee 2gmd? - i pba 2emd? st + gq? 
S sara md? md? 
putting p= ~, and g* = — —-fP,rp+e= 


Then the genie fluents, taken by the 8th and au forms 


— DW 2 
ima * [4 log. (2 + 


g’) + = x arc to rad. g and tan. 2] = ie x log. (0° 


n 


_ Bat —) 4+ x arc to rad. g. and tang.v—p]. But, 


2 


vol. 2 pa. 307 of the Course, give « = 


at the beginning of the motion, when the first velocity 1s v 
for instance, and the space x is = 0, i fluent becomes 
o= Chess: ad x [4lo (v* ee ay, oe 
2¢mad? 2 g: m md? 
tan. v — pj. Hence by subtraction, and taking v = O for 


the end of the motion, the correct fluent enahas 


r= pig « (og. (Wt Sv + Sh) — slog. Sete,» 
(arc tan. v — p — arctan. — pto rad 71. 
But as part-of this fluent, denoted by © yh the dif. of the 


two arcs to tans. v — p and—g, is always very small in com- 
parisgn with the other preceding terms, it may be omitted, 
withoht material error in any practical instance; and then the 


a ee arc radius q¢ 


1 Ww 
v? —-——v + 7 
, w ™m «% ™m 
oe io > a es - 
fluent is 7 = remy hyp. log i » forsthe ut 


“md? 
most height to which the ball will ascend, when its motion 


ceases, ae is stopped, partly by its own gravity, but chiefly 
by the resistance of the air. 
38. But now, for the numerical value of the general co- 


. WwW Ww F 
efficient pwd and the term -—-; because the mass of the 


md? ? 
ball to the diameter d, is 5936d3, if its aie gravity be s, 


~_=+5236sd, and 


its weight will be *5236s@=w ; 


—; = 69259sd, this divided by 4g or 64, it gives ae 
md? es nd 
1082sd for the value of the general coefficient, to any diame- 
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ter d and specific gravity s. And if we further suppose the 
ball to be cast iron, the specific gravity, or weight of one 
cubic inch of which, is -%6855lb, it becomes 290°6d, for that 


coefficient ; also 69259sd =18600d = =, and = et OF a 


Hence the foregoing fluent becomes 290°6 x hyp. log. 
v2 — 231 -5v + 18600 vy? — 931°5y 4+ 196004 


GES < Ae C pis Pe ee SESE 
18600d Ad 669d x com. log. 18600d ? 


changing the hyperbolic for the common logs. And this isa 
general expression for the altitude in feet, ascended by any 
iron ball, whose diameter is d inches, discharged with any 
velocity v feet. So that, substituting any values of d and v, 
the particular heights will be given,. to ‘which the balls will 
ascend, 

39. Lxam.1. Suppose the ball be that belonging te the 
last table of resistances, its weight being 18 oz, or 14|b, and 
its diameter 2 inches, when discharged with the velocity 
2000 feet, being nearly the greatest velocity for any iron 
bal]. The calculation being made with these values of d and 
v, the height ascended is found to be 2653 feet, or only 
about half a mile; though found to be almost 12 miles with- 
out the air’s resistance. And thus the height may be found 
for any other diameter and velocity. 


40. EHxam.2. Again, for the 24lb ball, with theame 


velocity 2000, its diameter being nearly 5*6=d. Here 669d 


v?—231°5y+18600d 36416 Fie th 
— ee an ome r , 
= 3746, and Smces 7-7 "i> ObnMlRaNRTIT EEL the log. of which is 


1°54354; theref. 1°54354 x 3746 = 5782=< the height, being 
a little more than a mile. 

We may now examine what will be the height ascended, 
considering the resistance always as the square of the velocity. 


PROBLEM V. 


41. To determine the Height ascended by a Ball, projected as 


in the two foregoing Problems; supposing the Resistance of 
the Air to be as the Square of the Velocity. 


Here it will be proper to commence with selecting some 
experimented resistance corresponding to a medium kind of 


. 
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velocity, between the greatest velocity and nothing, from 
which to compnte the other general resistances, by consider- 
ing them as the squares of the velocities, ‘It is proper to as- 
sume a near medium velocity and its resistance, because, if 
We assume or commence with the greatest, or the velocity of 
pr soe and compute from it downwards, the resistances 
will be everywhere too great, and the altitude ascended much 
less chan just; and, on the other hand, if we assume or com- 
mence with a small resistance, and compute from it all the 
others upwards, they will be much too little, and the com- 
puted altitude far too oreat. But, commencing with a me- 
dium degree, as for instance that which has a resistance 
about the half of the first or greatest resistance, or rather a 
little more, and computing from that, then all those com- 
puted resistances above that, will be rather too little, but all 
those below it too great; by which it will happen, that the 
defect of the one side will: be compensated by the excess on 
the other, and the final conclusion be near the truth. 


42. Thus then, if we wish to-determine, in this way, the 
altitude ascended by the ball employed in the former table 
of resistances, when projected with 2000 feet velocity; we 
perceive by the table, that to the velocity 2000 corresponds 
the resistance 102ib; the half of thisis 5i, to which resist- 
ance corresponds the velocity 1400 in the table, and the next 
greater velocity 1500, with its resistance 59, will be proper- 
est to be employed here. Hence then, for any other velocity 


v, in general, it will be, according to the law of the squares - 


cn, 59v2 
of the velocities, as 1500: uv? :: 59: pile 0000262u* = 


"15002 
av’, putting a = -0000262, which will denote the air’s resist- 
ance for any velocity v, very nearly, counting from 2000 


down to 0. 


43. Now let x denote the altitude ascended when the ve- 
locity is v, and w the weight of the ball: then, as above, av” 


is the resistance from the air, hence av? + wis the whole re- 
av? + 


sisting force, and = f the retarding force ; 


aust a eat ee 
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therefore — vv = 2¢f% = 


; ay a —w vy 
and hence x = — x — == Soa 
| 2g av? + w. 2a 


vw 
the fluent of which, by form 8, is Te tog ut--+ + —); 
which when x = 0, and v = v the first or projectile velocity, 
becomes 0 = x x hil. (v? + —); ; therefore, by subtract- 


ing, the correct fluent is 7 = — x h. 1. —, the height x 
4ga 


when the velocity is reduced to v; and chee v = 0, or the 
F : wie : w , av? + @ 

velocity is quite exhausted, this becomes ~— x h. |. 

for the whole height to which the ball will ascend. 


44, Hx.1. The values of the letters being w = t4]b, 


4g = 64, a = :0000262, the last expression becomes 670 xX 
v2? + 42880 v2 + 42880 
hyp. log. —5-, or 1484 x com, log. —7-—. And 


here the first vel. v being 2000, the same expression 1484 x 


v2 + 42880 
¢ Xoo c= 
ge, —— 428505. becomes 1484 x log. of 94°28 = 2930 for the 


height ascended, on this hypothesis; which was 2653 by the 
former problem. 


45. Hx, 2, Supposing the same ball to be projected with 
the velocity of only 1500 feet. Then taking 1100 velocity, 
whose tabular resistance is 28°6, being nearest to the half of 
that for 1500. Hence, as 1100? : v*: : 28°6 : °00002364v"=av*, 
This value of a substituted in the theorem — Pan had pee : 


eek ga 
also 1500 for v, and 12 for w, it brings out 2 = 2882 for the 
height in this case. 


46. Er. 3. To find the height ascended by the same 
ball, projected with $20 feet velocity. Here taking 600, 
whose resistance 6°90 is a near medium ; then as 600* : 6°90 


{ : 0000194 = a. Hence = — x h. I oan = 1802 the 
height in this case. 


47. Ex. 4. With the same ball, and 1640 velocity. As- 
sume 1200, whose resistance 35°275 is nearly a medium. 
Then as 1200* : 35°275? :: 1 : 0000245 = a. Hence = x 

a 
he be 


= 2500, the height in this case. 
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48. Ex. 5. For any other ball, whose diameter is d, and 


ad?y? d?y2 
its weight w, the resistance of the air being — Be ee 
bd*v*, putting 6 = case? the retarding force will Be bd2v? + w, 
thence — v0 = 2g x ““*" and # = 52 x and 
the cor. flu. « = * — x hel. ioe, = aa oh Sete 


for the whole height when v = 0. Now if the ball be " ‘24 
pounder, whose diameter is - 6 nearly, and its square 31°36; 


ae dada ashi 
then dd* = :00020714, and —— ai = = Giz — sig =1810; also 


bd2y2 + 829 + 24 853 
aR ba 2000, bd?v> = $29, an d J * aay “a da. = Ta 


“ae 


therefore x ‘= 1810 x h. I. <= = = 1810 x 3°57071 = 6463, 
being more than double the height of that_of the small ball, 
or a little more than a mile, and nearly the same as in the 


2d example to prob. 4. 


PROBLEM VI. Ge 


49. To ascertain the Time of the Ball’s ascending to the 
Height determined in the last Problem, by the same Pro- 


Jectile Velocity as there gwen. 


4 —w 2 —u 
By that prob. « =-—- x =, theref. a = 24% ns 
j 2ga > 
vt — ve+ 
a a 
, Bs . e —w a 
the. fluent of which, by form 11, is =-,/— x are to- 
2gu w 
dius 1 t A ey ba rc ta “—; orb 
radius ang. rata Qe ames X arc tan. ~~ y Cor- 
a & 


1 w v v 
oe a x (are tang. —— — arc tang. a) 
aa eae 
the time in general when the first velocity v is reduced! to 
v. And when v = 0, or the velocity ceases, this becomes 
1 ; ; 
byes av x are to tang, a for the time of the whole 
124 a 
Ve 


inthe 1 
ascent; which is also equal to-— x arc to tang. v and rad. 


2g 
' w 
J -— 


rection 4 = 
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50. But a x Vv or = denotes the time of the body’s 
whole ascent in free space, projected up with the same ve- 
locity v. Therefore the whole time of ascent in free space, 
is to the whole time of ascent in the atmosphere, commenc- 
ing with the same velocity, as the tangent of v, is to its arc, 
the radius being /—. 

_ 51. Now, as in the last prob. vy = 2000, w=1l4, a= 


236 w w 
2 QRZ — » Ril —_—_— 
0000262 = is Hence = = 42900, and / — = 207, 
_ . 
and — == 9°66184 the tangent, to which corresponds the 


arc of 84° 6’, whose length is 1°4678; then — x 207” x 
146713 —_ 207% 14678 i 
us 32 

52. Corol. 1. The time of freely ascending or descend- 
ing through the same height 2800 feet, nearly the mean be- 
tween the two former results, that ie without the air’s re- 


2800 . 
— 53 I. 


= 9"-5, the whole time of ascent. 


and the time of 


sistance, would be 4/ 


Freely ascending, till all the Tihs is lost, commencing 


Q 00 My 
with the same orate 2000, would be — om oe 2000 =a. GG antes 


32 
i’2”2, being in proportion to 9”2 the time as above in the at- 
mosphere, as 9°6618 the tangent of 84°6’, to 1°4678 its arc. 
But the time of ascending freely through the space 2930 
only, Ser oSn Ste with the same velocity 2000, would be 


only 1”3 

53. Corol. 2. Since mois: time of ascent is in general equal 
to = /— arc tang. Vil — , to radius 1, nearly, the great- 
est eas time, when a is infinite, or the tangent v x 


v — — is infinite, or when the arc is a quadrant, will be nearly 


1 . 
he — x the quadrant to the radius 1, that is, re oe 


2Qg 

where c = 3°1416, the circumference of the circle to “Oi ae 

ameter 1. Now, with the given numbers, viz, 2=*0000262, 
‘ . c w 

c= 31416, g = 64, the greatest time —,/— becomes 9:6 


* 410, which therefore is the greatest time nearly. For the 
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1tlb ball, when w = 14, or,/w = 1°06, this time 9°6,/w, is 
10°176 seconds. 

54. Corol. 3. For any other size of ball, as that of d di- 
ameter, instead of the one of 2 inches diameter, employed 
above, we must take, in the theorem, 4d’a instead of a, and 
then the whole time in this general case will be - x a v— 


— = x 96/w = aS ft. But w, the ball’s weight, 


d 
is as d?, the cube of the diameter, therefore ve is as ve 
or as 4/d; that is, the whole time, for the ascent of different 
balls, is as ,/\d, the square-root of the diameter. Thus, for 
a 24 pound ball, having its diameter almost 5°6, the ratio is 
/ 2 to / 5'6, or 1 to ./2°8=1°6733 ; then 1°6733 x 10°176 
= 17 seconds nearly, the whole time of the 24 pound ball’s 
ascent, when projected with an infinite velocity. 


PROBLEM VII. 


55. To determine the Time of a Ball’s ascending to tts great- 
est Height, using the same Formula of Reststance as in 
Prob. 4. 


WwW vv 


Now, ‘as in that problem, # = —'— x —— = es Se 
2 : 7 ? 2g " (mu? — nv) d? + w 
—w (s + p)% Legs x 5 
ean cee) ; then dividing by v, or z + 2, at = 
—"_ x —-—; the general fluent of which is f = ———— 
2am? 22 + g?? | 2emqa? 
z u— e . ° 
xX arc to tang 7 or 1s and radius 1; or, by correction, ¢ = 
' 
w vV—-?p v— fp : 
ix (arc to ; — “i, 
ar (are to tang ; arc to tang. — ). But, when 


UaeP 


the first velocity v is great, the arc to this latter tangent 


may be omitted, as equal to nothing, or as of no effect, since 
the value of p is 1154, and when the small velocity vis about 
100 or 200, the resistance, by the formula ‘000030267. — 
‘O0O7Tv, here used, comes out either nothing, or a small quan- 
tity negative. The latter arc being rejected then, there re- 


mains only x arc to tangent we to radius 1.. 


w 
2gmqad? 
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56. For Example. With the 14lb ball of 2 inches dia- 
meter, and 2000 feet velocity ; that is w=14 or 1:125, d=2, 


v = 2000; also m == "00000757, 2 = *00175; then = = 


231, and =~ = l15}.=p, and — = 37153 =p’ + g*, and 


_ “7 Q2 me? taped mY 4 w éat 7, 
q = / (37153—p*) = 1541; therefore Semade =7°522. Also 
ae = 12°21, the tangent to the arc of 85° 19’, the length 


of whichis 1:4890. Then 7:522 + 1:489 = 11°199 seconds, 
the time of ascending by this rule. And when the velocity 
V is infinite, then the tangent ~~? becomes infinite also ; con- 
sequently its arc is a quadrant 1°570, and therefore 7.522 x 
1°57 = 11°81 seconds, is the time of ascent with an infinite 
velocity. 


57. Hxram.2. For any other weight of ball, as suppose 
the 24lb = w, the diameter being 5:6, or more nearly 5°546 
=d. Here then d* = 30°58, — = +78029, —- = 108078 
= p’+¢*, p= 115} as before, g= (103078 — p*) = 299°4 ; 

Ww 


Shee ae eh ae ape 
Semqd? — Oeq 10°76. If the velocity v = 2000 as be 


fore, then the tangent Y=? = 6-293, the are of which con- 
tains 80° 58’, the length of which is 1°413; then 10°76 x 
1-413 = 15°20 seconds, is the whole time of ascent when 
projected with 2000 feet velocity. Also 10°76 x 1°570 = 


16°89 seconds, is the time when projected with an infinite 
velocity. 


PROBLEM VIII. 


$8. Fo deBenine the same as in Prob, v, taking into the ac- 
count the Decrease of Density in the Atr, as the Ball ascends 
in the Atmosphere. 


In the preceding problems, relating to the height and time 
of balls ascending in the atmosphere, the decrease of density 
in the upper parts of it has been neglected, the whole height 
ascended by the ball being supposed in air of the same den- 
sity as at the earth’s surface. But it is well known that the 

VOL, III. R 
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atmosphere must and does decrease in density upwards, in a 
very rapid degree; so much so indeed, as to decrease in 
geometrical progression, at altitudes which rise only in arith- 
metical progression ; by which it happens, that the altitudes 
ascended are proportional only to the logarithms of the de- 
crease of density there. Hence it results, that the balls must 
be always less and less resisted in their ascent, with the same 
velocity, and that they must consequently rise to greater 
heights before they stop. It is now therefore to be consi- 
dered what may be the difference resulting from this circum- 
stance. 


59. Now, the nature and measure of this decreasing den- 
sity, of ascents in the atmosphere, has been explained and 
determined in prop. 76, pa. 244, &c, vol. 2 of the Course. 
It is there shown, that if D denote the air’s density at the 
earth’s surface, and d its density at any altitude a, or x ; then 


isw = 63551 x log. of — in feet, when the temperature of 
the air is 55°; we may therefore assume for the medium «= 
63500 x log. ~ for a mean degree. 


60. But, to get an expression for the density d, in terms 
of x, out of logarithms, without which it could not be intro- 
duced into the measure of the ball’s resistance, in a manage- 
able form; we find in the first place, bv a neat approximate 
expression for the natural number to the log. of a ratio, 


> whose terms do not greatly differ, invented by Dr. Hal- 


ley, and explained in the Introduction to our Logarithms, 
n— $l 
p. 110, that - rey 


x D nearly, is the number gpswering to 


the log. / of the ratio ~, where 7 denotes the modulus 
43429448 &c. of the common loga pe Pa.” we before 


found that x = 63500 x log. of —- 7? OF c5755 Is the log. of 


=, which log. was denoted by / in the expression just above, 


for the number whose log. is Z ar substituting there- 


63: —ae3 8 


fore ——— Sten for /, in the expression —F Xx D, it gives the na- 
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x 


Dee 
121000 127000n—<2 
tural number —-_———-—— = —— een = , the dene 
, " LC oD d, OF 127000n + x 7 


FRc, arvetraipinceony 
sity of the air at dhe altitude x, putting p = 1 the density 
at the surface. Now put 127000 or nearly 55000 = c}; 
then — will be the density of the air at any panera. 
height 2. 

61. But, in the 5th prob. it appears that av* denotes the re- 
sistance to the velocity v, or at the height x, for the density 
of air the same as at the surface, which e too great in the 
— will be the 
resistance at the height x, to the velocity v, where ¢ = 
"0000263, ae this nies w, the weight of the ball, gives 


the whole resistance, both from the air 


ratio of c+ x toc — x; therefore av’ x 


CT 


2 . 
and the ball’s mass; consequently ~ Xiah = will de- 


note the accelerating force of the ball. Or, if we include 


the small part ~ or. 1, within the factor “—, which will 
w + 2 


make no sensible difference in the result, but be a great deal 


: . - av? + w c¢— x 
S “in tl S = fthe a 5 
impler in the process, then is —— : re kar ccele 
: ¥ c=—f 
rating force. Cea — vo = W;he = Wx XK —— 
: c+ a 
av? + w w Uv “yea 
, and hence —— —#= = — x ——, or by division, 
-# 2g av? + w 
Ne w —w 
—_ X — *¥ == = 
+ C+ez 32a t w 


62. Now the fluent of the first side of this equation is evi- 
dently — x + 2c x h.l.(¢ + 2) 3 and the fluent of the latter 


side, the same as in prob, 5, is — = x h. ]. (o* + =); there- 
fore the general fluential 2 is—2+2cexhl(c+ 


ee ie x he 1. (vo? + —), But, when x = 0, andv = y 


the initial velocity, this becomes 0 + 2c x h.l.c = x 


h. 1. (v? + = ); therefore by subtraction, the correct fluents 


c+ r av? + w 
rg eR = — x hl. eh 


ae , when the 
RZ. 
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first velocity v is diminished to any less one v; and when it 
is quite extinct, the state of the fluents becomes — x + 2¢ x 


: : 

bee Se for tee greatest height 2 as- 
c 642 : uw 

cended. 

C+ # 

; c 

ways small in respect of the other term ¢; therefore, by the 


63. Here, in the quantity h. 1. , the term 2 Is al- 


4 ec+2. x” 
nature of logarithms, the h, J. of —— is nearly = — or. 
c C+ 


E>) 
2 
Qn 4cxr 

~———-; therefore the above fluents become — x + —— = 
2c + 2 Qo+2 
Qa — 42 oc — a5u. ° 
— Oye YM XX hd. =”. “Now the latter side 
Qe x Seta 642 w 


of this equation is the same value for x as was found in the 
5th problem, which therefore put = 6; then the value of x 
Q2¢— x 
— ade 
Pere i b, by a qu 
dratic equation. Or, still easier, and sufficiently near the 


truth, by substituting d for x in the numerator and the de- 
nominator of at then t= b, and hence x = oan ’ 
or by proportion, as 2c — 6: 2c + b:: 6:2; that is, only 
increase the value of wv, found by prob. 5, in the ratio of 2c 
—bto 2c + b, 

64. Now, in the first example to that prob. the value of x 
or 6 was there found = 2930; and 2c being =110000, there- 
fore 2c — 6 = 107070, and 2c + b = 112930; then, as 
107070: 112930 : : 2930: 3093 = the value of the height 
# in this case, being only 163 feet, or ~,th part more than 
before. 


will be easily found from the formula 


But, for the 5th example to the 5th prob. where x was = 
6465; it will be, as 2c — b: 2c + 4b, or as 103537 : 116463 
>: 6463 : 7285 the height ascended in this example, being 
about the 8th part more than before. And so on, for any 
other examples; the value of 2c being the constant number 
110000. 

Note. Ina similar example to this, at the top of pa. 289 
vol. 3 of the Course, there are some errors in the numbers, 
by having used, in the expressions 2c — b and 2c + 4, in the 
2d line, the number 2955 instead of 6420, for the value of 5. 
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PROBLEM IX. 
65. To determine the Time of a Ball’s ascending, considering 
the decreasing Density of the Air as in the last Prob, 


The fluxion of the time is ¢ = = But the general equa- 
tions of the fluxions of the space x and velocity v, in the last 


e— 2 Ww —vU w c+ 2 
rob. was ——* = .—' x —— = — 
prot cra mrt Beate ; theref. # rr Pe eas Xk 
= t » A = ae _ wee oy M4 thi : 
ata hence ¢ ot “hicer kale Pele eran But x, which 
is always small in respect of c, is nearly = 5 as determined 
; ve, ve + 
in the last problem; theref. —— may be substituted for —— 
os t nd 
F ; s b 
without sensible error; and then ¢ becomes = = x aoa x 


p= 

a?+w’ Now, this fluxion being to that in prob. 6, in the 
constant ratio of c — dtoc + 3b, their fluents will be also 
in the same constant ratio. But, by the last prob. ¢ 
= 55000, and 6 = 2930 for the RiP example in prob. & 
therefore c — 6 = 52070, and c + 6 = 57930, also the time 
in problem 6 was 9"°5; therefore, as 52070: 57930: : 9"5: 
10”°57 for the time in this case, being 1°07 more than the for- 
mer, or nearly the 9th part more ; ith is nearly the double, 
or as the square of the difference, in the last prob. in the 
height ascended, 


PROBLEM X. 


66. To determine the circumstances of Space, Time, and Ve- 
locity, of a Ball descending through the Atmosphere by its 
own Weight. 


It is here meant that the balls are at least as heavy as cast 
iron, and therefore their loss of weight in the air insensible ; 
and that their motion commences by their own gravity from a 
state ofrest. The first object of enquiry may be, the utmost 
degree of velocity any such ball acquires by thus descending. 
Now it is manifest that the ball’s motion is commenced, and 
uniformly increased, by its own weight, which is its constant 


‘ 


246 THEORY AND PRACTICE TRACT 37. 


urging force, being always the same, and producing an equal 
increase of velocity in equal times, excepting for the diminu- 
tion of motion by the air’s resistance. It is also evident that 
this resistance, beginning from nothing, continually increases, 
in some ratio, with the increasing velocity of the ball. Now, 
as the urging force is constantly the same, and the resisting 
force always increasing, it must happen that the latter will 
at length become equal to the former: when this obtains, 
there can afterwards be no further acceleration of the mo- 
tion, the impelling force and the resistance being equal, and 
the ball must ever after descend with a uniform motion. It 
follows therefore that, to answer the first enquiry, we have | 
only to determine when or what velocity of the ball will 
cause a resistance just equal to its own weight. 


67. Now, by inspecting the table of resistances preceding 
prob. 1, or in prob, 2, the weight of the ball being 141b, we 
perceive that the resistance increases in the last column, till 
0°709 opposite to 200 velocity, and 1°612 answering to 300 
velocity, between which two the proposed resistance 1°125, 
and the correspondent velocity, fall. Bat, in two velocities 
not greatly different, the resistances are very nearly propor- 
tional to the squares of the velocities. ‘Therefore, having 
given the velocity 200 answering to the resistance 0°709, to 
find the velocity answering to the resistance 1125, we must 
say, as 0°709 : 1:125 :: 2007: v? = 63470, therefore v = 
4/ 63470 = 252, is the greatest velocity this ball can acquire ; 
after which it will descend with that velocity uniformly, or at 
least with a velocity nearly approaching to 252. 


The same greatest or uniform velocity will also be directly 
found from the rule -0000176v* = 7, near the end of pro- 
blem 2, where 7 is the resistance to the velocity v, by making 


apie ee Hi fe Eee - 
1:125= 7;\ for then 07 °= DoooiTg = ©3920, the root of which 


is 253, the same value as before nearly. ; 

68. But now, for any other weight of ball; since the 
weights of the balls increase as the cubes of their diameters, 
and their resistances, being as the surfaces, increase only as 


TRACT 37. OF GUNNERY. 247 


the squares of the same, which is one power less ; and the 
resistances being also, in this case, as the squares of the ve- 
locities, we must therefore increase the squares of the ve- 
locity in the ratio of the diameters of the balls; that is, as 
2:d:: 252*: 31759d = v*, and hence v = 178Wd, is a 
general value of the greatest velocity for any ball whose 
diameter is d inches. 


69. If we take here the 3lb ball, belonging to the second 
table of resistances, nearly, the diameter d being = 2°773 ; 
then 2°773 = 1°666, and 178 x 1°666 = 297, is the great- 
est or uniform velocity, with which the 3lb ball will descend. 
And if we take the 6lb ball, whose diameter is 3°494 inches, 
as in the third table of resistances nearly: then ,/3°494 = 
1°870, and 178 x 1:870 = 333, being the greatest velocity 
that can be acquired by the 6lb ball, and with which it will 
afterwards uniformly descend. For a 9lb ball, whose dia- 
meter is 4°00, the velocity will be 178 x 2= 356. And so 
on for any other size of iron ball, as in the following table. 


‘ Termin. | Height |Times of 
Wt. | Diam. | Velocity |due to v,| freely 
Ibs. | inches | 4, feet feet falling 


Where the first column contains the weight of the balls in. 
lbs ; the 2d their diameters in inches; the 3d their velocities 
to which they nearly approach, as a limit, and therefore called 
their terminal or last velocities, with which they afterward 
descend uniformly; and the 4th column. the heights due to 
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those velocities, or the heights from which the balls must de- 
scend in vacuo to acquire them. Also the 5th or last column 
shows the times of descending through these =e freely, 
or without resistance, 

But it is manifest that the balls can never attain exactly to 
these velocities in any finite time or descent, being only the 
limits to which they continually approach, without ever really 
reaching, though they arrive very nearly at them in a short 
space of time; as will appear hereafter, ) 

70. The greatest velocity being 178d feet, when d is 
expressed in inches, it will be 1784/ 12d or 616°6 /d, where 
d is expressed in feet. Now, the spaces through which a 
body must freely descend by gravity, to acquire the same 
erst will be thus found: as 32: ¥16::616°67d: vh, 
or 8:1::616°6,/d: /h, or 7714¥d = VA, hence h = 
Pet But the density of the ball is to the density of the 
air, as 7400 to 12 nearly, or as 66600 to 11, or as 6054 to 1. 
And 6054 to 1 is nearly the same ratio as 5944d or h to d. 
Therefore the greatest velocity with which a ball can descend 
in the air, is the same which it may acquire by falling with- 
out resistance, and in its fall describing a space that is in. 
proportion to the ball’s diameter, as the density of the ball 
to the density of the air, yery nearly. 

The exact spaces, A or 5944d, answering to the velocities 
v in the 8rd column, are set in the 4th column of the table 
above. Also the times of freely falling in vacuo through 
those spaces, or of acquiring the velocities in the 3rd column, 
are placed in the Sth or Jast column, being found by dividing 
the greatest velocity v by 32 feet, the velocity acquired in 


A 3 v 
the first second of time, viz, ae 


71. To obtain general expressions for the space descended, 
and the time of the descent, in terms of the velocity v: put 
% = any space descended, ¢ = its time, and vw the velocity 
acquired, the weight of the ball w = 12lb. Now, by the 
theorem near the end of prob. 2, which is the proper rule for 
this case, the velocity being small, ‘0000176v? = cv* is the re- 
sistance due to the velocity v; theref. w—cv* is the impelling 


= tseconds, the time. 
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W— cy ° 
= f the accelerating force ; conseq. vv or 


force, and 


; ." m— cv? : w vu 
2efx = 2x x ——, and # = 3 See the correct 


fluent of which, by the 8th form, is 2 = — x h. 1. ——— 
: 4yc mw — co 


the general value of the space « descended. 


72. Here it appears that the denominator w — cv* de- 
creases as v Increases; consequently the whole value of x, 
the descent, increases with »v, till it becomes infinite, when 
the resistance cv* is = x the weight of the ball, and when 
the motion becomes uniform, as before remarked. 


73. We may however easily assign the value of x a little 
before the velocity becomes uniform, or before cv? becomes 
=w. Thus, when cv? = w, then v = 252, as found in the 
beginning of this problem. Assume therefore v a little less 
than that greatest velocity, as for instance 246: then this va- 
_lue of v substituted in the general formula for x above de- 
duced, gives x= 2927 feet, a little before the motion becomes 
uniform, or when the velocity has arrived at 246, its maximum 
being 252. 


74, In like manner is the space to be computed that will 
be due to any other velocity, less than the greatest or termi- 
nal velocity. On the contrary, to find the velocity due to 


we 


anv proposed space xv, from the formula r=— x h. I: 
yp if p oe ~~ age ok Sees 


. ’ : 4ec mw 
Here wv is given, to find v. First then ee Bey fA take 
ra) w— cv? 
4ecx ; 
therefore the number to the hyp. log. of ae which number 
w 2 
call nw; then nN = ——-; conseq. NW — N¢ev* = w, and Nw 
w—cv? 


—w = Nev’, andv = V7 ‘——-w, a general theorem for the 
value of v due to any space x. Suppose, for instance, x is 
1000. Now 4g being = 64, w = I+, and ¢ = *0000176; 
therefore = = 1:0012, and the natural number belonging 
to this, considered as an hyp. log. is 2°72162=N; hence then 
v= Vf — w= 201, is the velocity due to the space 1000, 
or when the ball has descended 1000 feet. 


~ 
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75. Again, for the time ¢ of descent: here ¢ = 5 but 


: we vy . 
= = < xX ——-, as found above, theref. ¢ = — x ? 
2g w— cv 2g w— cv? 
w- 
ik atone Acai 

the fluent of which is la hiss ody cM! a SA the general 
a/——? . 

c 


value of the time ¢ for any value of the velocity v; which 
value of ¢ evidently increases as the denominator 4/ — — ¥v 
decreases, or as the velocity v increases; and consequently 
the time is infinite when yi denominator vanishes, which 
is when v = v=, or cu’ = w, the resistance equal to the 
ball’s weight, Bang ie same case as when the space x be- 
comes infinite, as above remarked. 


76. But, like as was done for the distance x as above, we 
may here also find the value of ¢ corresponding to any value 
of-v, less than its maximum 252, and consequently to any 
value-of 7, as when v is 246 for instance, or 7 = 2927, as 
determined above. Now, by substituting 246 for v, in the 
general formula 


an ape rds Yuan? , it brings out t = 16"-957; so 
Al ——v 
that it would be nearly 17 seconds when the veloeity arrives 
at 246, ora little less than the maximum or uniform degr ee, 
viz, 252, or when the space descended is 2927 feet. 


77. Also, to determine the time corresponding to the 
same, when the descent is 1000 feet, or the velocity 201: 


1 w 1 17125 252 GB ii vy 
find the value of he ir = ON Soa Ne acts Wma ty Then 


ty 
wre + OK 

252 +201 453 ea: 2 
a ro a hyp. log. of which is 2°18407. 


/— 


c 
Hence 218407 x “= = 8"6, the time of descending 1000 
feet, or when the velocity is 201. 

See other speculations on this problem, in the 2d volume 
of the Course, prob, 22, as determined from theory, viz, 
without using the experimented resistance of the air. 
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PROBLEM NI. 


78. Todetermine the Circumstances of the Motion of a Bali 
projected horizontally in the Air; abstracted from its Ver- 
iwal Descent by its Gravitation, or supposing the Ball void of 
Gravity. 

Putting d for the diameter, and w the weight of the ball, 

v the velocity of projection, and v the velocity of the ball 

after having moved through the space x. Then, by corol. 1 

to prob. 2, if the velocity is considerable, such as usual in 

practice, the resistance of the ball, moving with the velocity 


v2 —— nv 


: m chy : 
v, is (mv* — nv)d?, and therefore ———d@* is the retardive 


force f; hence the common formula vv = 2¢f%, is — vo = 
c mv? — nv ,, . w —v WwW 

32” KX ——d, anc PIE ew ee ————-—_= -—— 

, eS w d es | theref. x 32d? mv2—nv . 32d? a“ 

—i- ty —v 


—, the fluent of which is obviously 


0 —_— O-— 


m 


mv—n 32d2m 


w n j . 
Stay * — hyp. log. of v — [> ; and by the correction by 
% 
Tyee 
. * Ww mm 
7 Vv aS ee + oo: 
the first velocity v, it becomes sang * hb. log : 
v—- — 
™m™ 
=—_ x h. log. —!, the general formula for the distance 
32md? SO v—9_ © 
. . n 
passed over in terms of the velocity, where g=— = 
mm 
*00175 
———_— = 231. 
“000007565 
79. But now to reduce the general coefficient = to a 
wn 


simple number in terms of d the diameter only; the weight 
w = °5236d3 x 4°3 = 21d? = 3d?, where 4°3 is the weight 
in ounces of | cubic inch of cast iron, or w = 2,d> in pounds 
t 
d2 


weight. Therefore — = 2.d, and oh = 581d; then the 


theorem becomes « = 581}d x h. log. ——!; or, multiplying 


the coefficient by 2°30258 the hyp. log. of 10, to reduce the 
hyp. log. to the common log, then it is x= 1338d x com. low, 


View . . . ’ 
of - ? the diameter d being in inches, 


>. 
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80. Now, for an application, let it be required first, to 
determine in what space a 24]b ball will have its velocity re- 
duced from 1780 feet to 1500, that is, losing 280 feet of its 
first velocity. Here d = 5°546,w = 24, v = 1780, and v= 

— 231 
1500; also _~ = 231. Hence x = 7420 x log. baer § 
m v — 231 
1549 
7420°4 x log. oe = 642 feet, the space passed over when 
the ball has lost 280 feet of its motion. 

81. Again, to find with what velocity the same ball will 

move, after having described 1000 feet in its flight. ‘The 
bove th 1000 = 7420 x log. S— 3! oy 
above theorem 1s 7% or = X 108. say? ar 


1549 
= the common log. of =; but the number to the com.. 
1000 . 1349 

— : om : = ——, and no— 
~499 18 1°3635 = N suppose ; then N = ——_, and Nv 


1549 
231m = 1549, or Nv = 1549 + 231N, and v = —— + 231= 


1136 + 231 = 1367, the velocity when the ball has moved 
1000 feet. 

$2. Next, to find a theorem for the time of describing 
any space, or destroying any velocity. 


log. 


. x ) —v ty w —v ly 
Here fee ee at 
ret v S2md* = n ‘S2md? a w—q? the fluent 
™m 
of which, by the 9th form, ist = —“. x > x hol “e = 
Pe tie: 2 Moe amd, ig ne Real ay ee 


™ 


v a 
ay, x h. 1. -—, and by correetion 
32md7yq v—g u 

Ww vw Vv Ww 
= ——— i = he) ee 
t 32md2y “ (h vu—g h v— ») J2md%q 
—4q 


ad ae Mi x com. log. ~ °.. puttin for the first 
»—231° v - - 231 ; amt Ye v—9 -? Pp 5 1e irs 


x hyp. log. 


: . 2 ° 
velocity, and 231 for — or g its value, as before, 


83. Now, to take for an example the same 24|b ball, and 
its projected velocity 1780, as before; let it be required to 
find in what time this velocity will be reduced to 786. Here 
then v = .1780,-0 = 786, w = 24, d =.5:546; d* = 30°76 ; 
Hehce 13382 uk M20 gh. penal Sh, oe eae” 

ost 7; 881 t 89 re 98h Yee 1780 
1°232, the log. of which is 0906; then 322 x -0906 = 2’ 9, 
the time required, being almost 3 seconds. 
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84. For another example, let it be required to find when 
the velocity will be reduced to 1000, or 780 destroyed. Here 


~” = 1000, and all the other quantities as before. Tien 
v—21 1549 — 1000 __ 1549 ove 
Soa] XS ee ines = Tagg? the Meg-wof which’ is 
"053648; theref. 321 x ‘053648 = 1'723 seconds, is the time 


sought. 


85. On the other hand, if it be required to find what will 
be the velocity after the ball has been in motion ‘during any 


given time, as suppose 2 seconds, we must reverse the cal- 
v — 1431 Wi 
— 231° y? 

Vv 
=) ad number 


culation thus: ¢ = 2” being = 32: x log. 
— 931 
nes BSL Se 
answering to which is 11536 = N suppose, that is, w = 
v—231  » 
——e31° 7. Hence:nvo — 23lnv = vv — 231p, and » = 

Q31nv 474337 
25l+nv—v 504 
seconds. 


2 ; 
theref. ry 062218 is the log. of © 


= 94%, the velocity at the end of 2 


86. The foregoing calculations serve only for the higher 
velocitics, such as exceed 300 or 400 feet per second of time. 
But, for those that are below 400, the rule is simpler, as the 
resistance is then, by cor. 2 prob. 2, °0000044d*u* = cd?z*, 
where d denotes the diameter of any ball. Hence then, 


cd?y2 i 
— =f, and —ov = 


employing the same notation as before, 


Tm BA 


3 3 4 “ed2y2 = J 
Safe = 32% x — ; therefore + — —— x —, the correct. 
A . - a Rid: 

uent of which is x = sea he 1, 

87. Now, for an example, suppose re first velocity to be 
300 = y, and the last v = 100, for a 24lb ball. Then 
w = 24, d= 5°546, d* = 30°76, c = ‘0000044 ; therefore 

aw 3 ae é Cashin 300 ithe 2 , re 
Soon = Tou, = 55425 and —= 5 = 4, the hyp. log. of 
which is 1°0986; therefore 1:0986 x 5542 = 6108 = 4, is 
the distance. If the first velocity be only 200 = v; then 
= = 2, the hyp. log. of which is*69315, therefore 69315 Xx 


5$42 = 3841 = 7, the distance. 


—< 
. 
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gs. And conversely; to find what velocity will remain 
after passing over any space, as 4000 os toe first velocity 


xv 4000 __ 
being v = 200. Here the hyp. log. of — Sig Saag 
*72178, natural number of which is 2 2-06 Whi that is, 

v 200 
2:06 = =; therefore 0 = > = 355 = 971, the velocity. 
for th ince # = —“— x —, ther 
89. Again, for the time ¢: since = 35> X —, there- 
Raine Bisa exes one —, the correct fluent of which is 
v 32dc? v2 
Ww I I uw v—-v 
“= Ae any pha pe ——~,—£ sample 
me are Oe he Se oe. ——-—S0, for example, if 


. v—v 200 2 
v = 300, and v = 100; then —— SS aoe eran ts 


—~_ or 5542 x xe ype = 36°95 =f, the time of reducing aie 
32ed2 200 


300 velocity to 100, or of passing over the space 6108 fect. 


and 


90. And, reversing, to find ia yell °» answering to 


any given time ¢: Since ¢ = om (— sor —) = 5542 x 
1 1 5542V 
perc —), therefore v = =7-—. Here, if ¢ be given = 30), 


5542y 5542 


and v = 300; then v = 554249000 > 14542 


x 300 = 114, the 
relocity sought. 

91. Corol. ‘The same form of theorem, « = = xh. L. 
sy as above is brought out for small velocities, will also 
serve for the bigher ones, if we employ the medium resist- 
ance between the two proposed velocities, as was done in 
prob. 5. Thus, as in the first example of this problem, 
where the two velocities are 1780 and 1500, the resistance 
due to the velocity 1700, in the table of resistances, being 
76°78, say as 17007 : 17807: : 76°78 : 84°18, the resistance 
due to the velocity 1780; then the mean between 84°18 and 
59°20, due to 1500 velocity, is 71°69, or rather take 72. 
Again, as V67'93 : W772: : 1600 : 1647, the velocity due to 
the medium resistance 72. Hence, as in prob. 5, as 1647? : 
vo :: 72: °00002654v* = suppose av’, the resistance due toe 
any velocity v, between 1780 and 1500, for the !+lb ball. 
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And, as 2°: 5°546* : : av* : 7-69av? = 00020410" = bv" sup- 

pose, the resistance due to the same velocity with the 241b 
L 2 . 

ball. Therefore = = f, and —vv = 32f% = 4bv’x, and 


¢ mY a as ; es he Vv 3 
% = ~G>> the correct fluent of which is rT hs h. l. — = —- 
178 «$3 89 
x hl => x hl. = $674 x ‘171148 = 629 the 
iJ : 


velocity sought, nearly the same as before. 


PROBLEM XII. 


To determine the Ranges of Praectiles in the Ai. 


92. ‘To determine, by theory, the trajectory a projectile 
describes in the air, is one of the most difficult problems in 
the whole course of dynamics, even when. assisted by all the 
experiments that have hitherto been made on this branch of 
physics; and must still be accounted such, in the full extent 
of the problem. Even the solutions of Newton, of Bernoulli, 
of Euler, of Borda, &c, &c, after the most elaborate investi- 
gations, assisted by all the resources of the modern analysis, 
amount to no more than distant approximations, that are 
rendered nearly useless, even to the speculative philosopher, 
from the assumption of a very erroneous law of resistance 
in the air, and much more so to the practical artillerist, both 
on that account, and from the very intricate process of cal- 
culation, which is quite inapplicable to actual service. The 
solution of this problem requires, as an indispensable datum, 
the perfect determination by experiment of the nature and 
laws of the air’s resistance at different altitudes, to balls of 
different sizes and densities, moving with all the usual de- 
grees of celerity. Unfortunately however, hardly any ex- 
periments of this kind have been made, excepting those 
which have been printed in the preceding Tracts of these 
volumes; which, though so extensive and varied, I cannot 
yet undertake to pronounce that they are fully adequate to 
the purpose of all the demands, either of the practical artil- 
lerist, or the speculative philosopher. 
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93. We have indeed, in this extensive course of experi- 
ments, completely ascertained and proved many of the im- 
portant circumstances relating to military projectiles, that 
were before unknown, or only guessed at. Such as, the na- 
ture and force of fired gunpowder ; the velocity it will com- 
municate to given bodies ; the laws of its action in guns of 
different lengths, and in charges of different quantities ; the 
effects of the air’s resistance on projectiles, discharged with 
given velocities ; the quantity of that resistance, to every 
degree of velocity, and to every magnitude of surface. In 
consequence of these, we have deduced the general law of 
the resistance, in formule or functions of the body’s velocity ; 
the motion lost in a given time, or in moving through a 
given space of air; the time in passing through a given 
space, or the space passed over in a given time ; the whole 
altitude and time of vertical ascent; the terminal or greatest 
velocity acquired by descending in the air; with other cu- 
rious particulars. 

94, The grand problem of all however still remains, the 
determination of a projectile’s trajectory, when discharged 
in the air with any velocity, and in any oblique direction, 
The solutions of this problem that have been accomplished, 
or rather attempted, by the eminent authors above mentioned, 
have amounted to nothing more than partial and barren 
speculations, of no use in real practice, though attempted 
by talents of the very first order, and with the aid of all the 
resources of the modern analysis, and. even onthe most sim- 
ple hypothesis of the air’s resistance, viz, that of the square 
of the velocity only. But when it is considered, that even 
this hypothesis is quite inadmissible, and that there is nosuch 
thing as any one single power of the velocity, by which it is 
possible to express the resistance; but that two different 
powers, at least, are absolutely necessary for that purpose, 
as we have shown in the foregoing problems, founded on so 
many and such correct experiments; when these circum- 
stances are considered, 1t will fully appear that no hope re- 
mains of the practicability, if even of the possibility, of ob- 
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taining a correct and scientific solution of the general pro- 
blem in that way, or indeed in any way without the aid of 
some further experiments of another kind, viz, to obtain by 
accurate experiments, the horizontal ranges and times of 
flight, of at least one size of ball or shell, discharged at all 
convenient degrees of elevation, and with all practicable de- 
grees of velocity. If the same could be accomplished with 
Several sizes of shot, it would render the conclusions the 
more accurate and satisfactory ; but those data for one size 
at least is absolutely necessary ; and may be made to answer 
the parpose of all, by means of calculations founded on cer- 
tain known scientific principles; for, the ranges and times 
for other sizes of shot, of equal density, may be ascertained 
from the experimented one, since all balls discharged with 
such velocities as shall make their resistance proportional to 
their momentum, must describe similar curves, at the same 
elevation of the piece, and the several lines of the trajectories 


will all be proportional to each other,’ sag to the diameters 
of the balls. . 9 


95. All that can be here done thea, in the solution of the 
present problem, is to collect together some of the best prac 
tical rules, founded partly on theory, and partly on practice, 
In the first place then, it may be remarked, that the initial 
or first velocity of a ball may be computed from the table 
of experimented ranges and velocities as in the following 
problem. 


PROBLEM XIII. 


To assign the Charge of Powder necessary to project a given 
Ball with a given Velocity. 


96. By the foregoing experiments it has been found that 
the velocities to different balls, and different charges of pow- 
der, with similar guns, are as the square-roots of the weights 
of the powder directly, and as the square-roots of the weights 
of the bajls inversely. Thus, if it be enquired, with what _ 

velocity a 24lb ball will be discharged by 8lb of powder: 
VOL, IIL, 3 
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it appears in the table, that 8 ounces of powder discharge 
the ilb ball with 1600 feet velocity ; and because 8lb are = 
128 ounces; therefore by the rule, as Wp: V8 :: 1600: 
1600/35 = 1600/2 = 1306, the velocity sought. 


97. Otherwise. Say, as the root of the weight of the shot, 
is to the root of double the weight of the powder, so is 1600 
to the required velocity. That is, in the present example, 
as f/24: 716 :: 1600: 1306, the same velocity. 


98. But when the charges bear the same ratio to one 
another as the weight of the balls, that is when the pieces 
are said to be alike charged, then the velocities will be equal 
nearly. Thus, the ilb ball by the 2 oz charge, being the 
8th part of the weight, and the 24lb ball, with 3lb of pow- 
der, its 8th part also, will have the same velocity, viz, 800 
feet. In like manner, the 1200 tabular velocity, answering 
to 4 oz of powder, the 4th part of the ball, will nearly be- 
long to the 241b ball with 6lb of powder, being its 4th part, 
and the tabular velocity 1600, answering to the 8 oz charge, 
which is 2 the weight of ball, will equally belong to the 24]b 
ball with ‘Lelb of powder, ost also the + of its 2 Hatta 
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99. Corollary. Inthe same manner has * 
been computed the annexed table of the (eee en 
initial velocities, of any cast iron balls, as bail to | in feet, 
projected from the usual length of guns, BES rh wre 
by all thecharges of powder, from 75 the |"2. = 1600,/ 5 


weight of the shot, up to the full weight 


of the same; the strength of the powder 20 ae 
being supposed uniform, and of the best ‘3 533 
kind used by government, or such as will 17 549 
show 40 or upwards, on the line of chords 16 566 
of my powder eprouvette, by the explo- 15 584 
sion of 2 ounces of the powder. Hf ae 

The first column of the table shows how 653 
often the wt. or charge of powder c, is 682 


contained in the weight of the ball 4, being 716 
Bee ‘4 ree ee 155 

the quotient - of the ball divided by the 800 
855 
924 
1012 
1131 
1306 
1600 
2963 


charge of powder, or the ratio of the for- 
mer to the latter. And the latter column 
contains the correspondent velocities given 
to the ball by those charges, being the 


2c . 
several values of the theorem 1600 v= in 


m ro W Poe DAT®O © 


feet. 


100. This table will be useful on many occasions, the 
velocity being taken out by inspection: So, if it be desired 
to know what velocity will be given to a ball by 2 of its 
weight of powder, the table shows between 1100 and 1200 
feet. Or, reversewise, it shows what proportion of charge 
will give the ball any proposed velocity. For numbers 
intermediate to those in the table, proportion or an allow- 
ance may be made ; so, if it be desired to know what charge 
will give any ball a velocity of 1500 feet per second, the ta- 
ble shows that the requisite charge of powder must be nearly 
a medium between 4 and + the weight of the ball. But if 
the exact quantit,, of charge be desired, it will be easily ob- 
tained by using the general theorem 1600\/, viz, in the 


s 2 
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s | 
present case, 16007 ow LOUD, Or 16./— a5) hence 


Qc 15 Qc 15? 995 c 925 1 & 
wes mp BY To eat Se — = —- = — or=— near- 
V5 iF Je ane | ie Fagen Oh hi Fie > o-ga8 5 


ly ; that is, the charge of powder must be almost 4 of the 
ball’s weight, to give it 1500 feet velocity. So, if the ball be 
an 18-pounder, the charge will be 8lb nearly. But, for a 
24-pounder, the charge will be almost 10$/b. 


PROBLEM XIV. 


To assign the Elevation necessary to give a Piece, discharged 
with a given Velocity, so as to hit an Object placed at a given 
Distance. 


101. This is a very useful problem in the practice of ar- 
tillery. For, it is obvious, and a circumstance well known, 
that to hit an object at some distance from the picce, it is 
necessary to point the piece rather above the visual line of 
the object, on.account of the descent of the shot during the 
time of its flight, by its natural gravity or weight. For, 
were the shot discharged exactly in the line of the object, it 
would be sure, in consequence of its natural descent, to fall 
too low, and miss the mark. The practice is therefore to 
elevate and point the piece to a place as much above the ob- 
ject as the ball is supposed to drop in the course of its flight, 
so that it may just meet the object when it has arrived at the 
known distance. The quantity of this elevation however is 
usually a very vague and uncertain degree, being taken with- 
out any kind of rule, and only guessed at, more or less, ac- 
cording to the various notions of every practitioner. It is 
obvious then that this way must at the best afford but a very 
uncertain result, even when the shot is supposed to be pro- 
jected exactly in the line the piece is pointed in, which how- 
ever is commonly far from being the case, on account of 
several causes of irregularity in the usual practice. 


102. One of these causes is, the quantity of windage, by 
the balls being mostly too small for the bore of the piece: 


( 

% 
em) 

1 


: 
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the consequence of this is, that the ball, in passing through 
the bore, is kicked about from side to side, which renders it 
a matter altogether of chance what course the shot may take 
when out of the piece, as it depends entirely on the part of 
the bore the shot last strikes, before it issue out of it, whether 
it may take a course to the right or the left of the plane of 
direction, or whether it shall rise above the line of direction, 
or sink below it; as the ball usually takes a course opposite 
to the last point that it strikes and rebounds from. ‘T'o go 
regular and straight along the bore therefore, it is desirable 
and necessary, that the shot be as large as it can be,-conve- 
niently to enter the bore of the piece. This circumstance 
will also be attended with other considerable advantages, the 
sparing of gunpowder, as much less of it will suflice, and 
the shot will have much more velocity, with far less expense 


of powder. 


103. Another disadvantage in the use of artillery, is the 


shape of the shot, being globular. In consequence of this 


shape it is, that it is knocked abcut in the bore, from side to 
side, and it acquires mostly a rotatory motion round an axis, 
the effect of which is, after leaving the piece, to cause the 
ball to deviate and turn aside, more and more in its flight, 
from the line of direction. Whereas if, instead of the round 
ball, the shot were made in the shape of a cylinder, more or 
less long, but of equal diameter with the bore very nearly, 
the shot would go straight forward along the bore, and out 
of the piece, at the direction this is pointed in, and arrive at 
the object with far less cause of deviation. Not only so, but 
the guns would be much less injured, and the expense of 
powder also less. Other advantages would also attend this 
change in the shot; as, from its superior weight, it would 
range much farther; and, in the sea service, would have not 
only the common advantage of a heavier shot, but also, from 
its irregular shape, making a perforation in the side of a ship 
which could not easily be closed or repaired. By these 
means the practice could be rendered both more efficacious 
and more certain ; and consequently, instead of merely guess- 
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ing at the requisite quantity of elevation in the piece, to hit 
‘a distant object, the practitioner might be supplied with cer- 
tain easy and practical rules, for making that allowance of 
elevation. 

D 


B 


"<3 Os 
"a8 sks Se 
© 6 hile 
at ain 
Pertuae,, 
“ae 
7 a6ae wey 
ew dma 
Peers 
ne he aie 


C 


104. Thus then, suppose the mark or object B, at the 
horizontal distance az, from the gun at a. Now suppose, 
first, that the ball is discharged in the horizontal direction 
AB, in which case the gun is said to be Jaid, and the shot fired 
point-blank, and is supposed to proceed a considerable way 
in that direction; yet the ball constantly descends from the 
horizontal line from the very beginning of the motion, 
though for a considerable space the descent is so little as to 
be hardly perceptible. For, in fact, as soon as ever the shot 
issues from the piece, it is deflected below its direction by the 
force of gravity, and that more and more rapidly, the longer 
it is in motion, in proportion as the square of the time. So 
that the point-blank shot is to be considered only so far as till 
the descent from the horizontal line, or the angle Bac can 
be practically observed ; or, while that angle is so small, by 
the curve line ac deviating so little from the right line an, 
that the difference may beneglected, withoutany considerable 
error. But in cases in which the space and time of flight are 
so considerable as to deflect the shot in the curve line ac, to 
the depth of bc below the intended object zB, then in practice 
the gun must be pointed in the direction ap, at a mark p, as 
much,above a as c is below 8; for then taking the curved 
path ag, it may arrive atthe object B. We are therefore to 
consider the projectile in the direction of the right line ap, 
and find how far it will sink below that line at the point p; 
which will be very easy, if the time of moving from a to p 
er B be known, for the line pp will be described by the acs 


TRACT 37. OF GUNNERY. 263 


tion of gravity, at the rate of 16 feet in the first second, and 


more or less in proportion to the square of the time. Thus 
then, 


105. Knowing the distance of the object to be struck, at 
least nearly, compute the velocity that will be given to the 
shot by the proposed charge of powder, or the charge that 
will be adequate to a proposed velocity. Thus having the 
initial velocity, compute by prob. 11, the velocity that will 
be lost by the shot in passing through the given space of 
air, between the gun and the object to be struck; which, by 
subtraction, will give the velocity of the shot when it strikes 
the object. Take thea the mean between this and the initial 
velocity, which may be accounted a medium uniform velocity 
with which the shot flies through the air, from the gun to 
the object. Divide then the given space or distance by that 
_mean velocity, both in feet, and the quotient will be the 
time of the flight in seconds very nearly. Or find the time 
at once, by the 11th prob. of passing over the given distance. 
Lastly, find the space through which a body will freely fall 
by gravity in that time, and it will be the required quantity 
nearly, which the piece must be pointed above the object, 
in order to hit it. Or compute, by prob. 10, the space the 
body will descend in the air, and that will be the requisite 
height to be pointed above the object, nearly. 


106. For example. Suppose the distance of the object be 
1000 feet, and the piece a 24-pounder, charged with 6]b of 
powder. Then, by the last prob. as W724: 12: : 1600: 


160074 = 1131 = v the initial velocity. Next, by prob. 


90) 
i1, 1131 — 231 = 900, and w = 1°3635, then 4231 = 


660 + 231 x 891 = w the last velocity at the place of the 
object ; and the medium between 1131 and 891 is 1011; then 
1000 
1011 
known, that the space freely descended in 1 second is 16 feet. 
Therefore, if the gun be pointed at a place 16 feet above the 
object, it will hit it. Or, if 16 be divided by the distance 


= 1 second nearly, the time of flight. But it is well 
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1000, and the quotient ‘016 be sought in a table of natural 
tangents, it will give 55’, or almost 1°, for the angle the gun 


must be elevated to. Ii if the log. of °016 or —— es, ~- be comhl 


in the log. tangents, it will g give the same angle of elevation 
55’. 
107. Or, to find the time by the formula in the 11th 


problem, it will be 321 x log of eae — ee Oee re. 108. 


— 251 
* 30 ae 
= 322 xlog, 


4131 — 231 891 + Mae et 
5: 660.1131 8 5° co1131 


< tet MS Tee tale oe oad gee Ys 

a1 eat “iii — 32 X Io 
4455 

$235 x log. way = 924 X °031114 = 1°003426, or I second 

nearly, the same as above found, by dividing the distance 


‘by the medium velocity. 


108. Example.2. 'To determine the elevation of a 12- 
“pounder gun, charged with 4lb of powder, to bit an object 
at 500 yards or 1500 feet distance.—Here, the weight of 
powder being + of that of the ball, by the table in prob. 13, 
the initial velocity is 1306 =v, the ball’s diameter d=4°402, 


the a distance p = 1500 = 1338d x log. ae = 5891 


5 ede ISO) cen 
—- =? 9 
Ss laa =~ by prob. 11; hence ——; = 75 = °25462, 
the Sits % which log. is 1°7973 = wn, that is, N= 
1075 1075 
serena this gives 9 = ——- + 231 = 829 = v the last ve- 
Ocity-at the distance of the object. en ——- = 
locity at the dist 1500) of the object. Then ~~ 
1500 
1068 the middle velocity, and 5 = 1:405” the time of 
flight by this method, | 
But, by the method in prob. 11, = 22" x log. Y77.2 
a PY P ° 231 O yeg’ v 
wm 5891 tog, 18052281 829 _ gn Joy 1078-829 ay 
= “51 * “OS: g29— gai ‘isos > 92 * “8+ 599.1306 “92 


057319 = 1:4616” the time, more exact, but not much dif- 
ferent from the former, 

Then, as 17: 1°467::16:34:1 feet, the height to be 
pointed above the object. Or, ~o == ‘022737, the tangent 
of 1° 18’, the angle of elevation to hit the object, 


% 
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109, Corollary. From the preceding calculation, the fol- 
lowing general rule is easily derived. pdenoting the given 
distance of the object, in feet ; d the diameter of the ball, in 
inches, obtained from the table of weights and diameters in 
prob. 10; 6 the weight of the ball, and c that of the charge 
of powder, both in pounds; v = 1600 vy the projectile ve- 
locity, as given in prob. 13; a the last velocity with which 


the ball strikes the object ; and ¢ the time of the ball’s flight. 
Then, 


Divide p by 13384, considering the quotient 55. asa log, 


Take n = the natural number of the log, 
Take » = —* 
And ¢ = a x log. of (a3. 7) byeprob, 11. 


re 


2D 
Ort = ——, an approximation near enough, 


4p* . ‘ 
Then, 162 = CEES is the height above the object to be 
pointed. 
162 4D ! c 
Or — peel oe is the tangent of the angle of elevation. 


110. So that, the height of the mark to be pointed at, 
above the object, is nearly as the square of the distance, and 
the angle of elevation simply as the distance, the projectile 
velocity being the same. But, in the case of different ve- 
locities, the height and the angle will be reciprocally as the 
square of the velocity nearly. When once the proper angle 
has been found, and verified by experience, then a dispert 
may be so fixed on the gun, that the visual line may make 
with the axis of the piece the proper angle. Now, as such 

small elevations are hardly perceptibie, the reason is plain, 
why it is thought that the ball proceeds a considerable way 
from the gunin a straight line. But, small as the curvature 
is, when the gun is pointed pbeonuai it is still smaller 
‘when elevated in an angle above the horizon; because, in 
this case, the gravity acts obliquely on the path, or only 


- » 
>66 - THEORY AND PRACTICE TRACT 374 


part of it acts on the track, in order to bend it: whereas, in 
the horizontal or point-blank direction, the whole gravity ts 
employed to that purpose. This diminution will be nearly 
as the cosine of the angle of clevation, being less and less as 
that angle is greater, or is pointed nearer the perpendicular; 
so as that when pointed quite upright, it is not incurvated 
at all, but the ball ascends perpendicularly upright. 


PROBLEM XV. 


Te determine the, Angle of Elevation of a Piece, to produce 
the greatest Range, also the Extent of that Range, with @ 
giwen projectile Velocity. 


111. In the parabolic theory of projectiles, or those made 
in empty or unresisting space, it is well known that, for the 
greatest range, the elevation or direction of the piece, must 
be such as to bisect the angle contained between the vertex 
and the plane of the range ; that is, when the range is on the 
horizontal plane, the direction of the piece makes half a right 
angle with the horizon, or with the vertical line; but when 
the range is on an ascending plane, or one making an angle 
above the horizon, then the direction of the piece must make 
with the vertical line, an angle less than half a right angle, 
by half the elevation of the plane above the horizon; and 
when the range is on a descending plane, or one making an 
angle below the horizon, then the direction of the piece must 
make with the vertical line, an angle greater than half a 
right angle, by half the angle of depression of the plane be- 
low the horizon. Also, in that theory, the trajectory, or path 
of the projectile, is a perfect parabola, having the two parts 
of the curve, on both sides of the axis, quite similar and equal 
to each other. | 

112. But, in projects made in the air, none of those beau- 
tiful properties take place; on the contrary, every thing is 
irregular and perplexed; the ascending and descending 


“TRACT $7. OF GUNNERY. 267 


branches Avand vc,of the 
path, on the right and 
left of the vertex, being 
quite unequal and dis- 
similar; and, instead of 
being parabolic curves, 
they are rather different legs of an hyperbolic kind, having 
dissimilar asymptotes, pE and ra, the former indlined to the 
horizontal line er, and the latter perpendicular to it. 


D G 


113. In the parabolic theory, the horizontal velocity of 
the shot, or its motion estimated in the horizontal diree- 
tion, is always constant and uniform; because the action of 
gravity, being the only force that constantly acts on it, is 
exerted in a direction perpendicular to the horizon. But it 
is quite different in the other case; where, besides the force 
of gravity acting always perpendicular to the horizon, there 
is the resistance of the air, acting in the line of the ball’s 
path, or directly opposite to its motion, which both diminishes 
its ascent, or descent, and its horizontal motion; on which 
account, its horizontal velocity must be continually diminish- 
ing, in the whole course of the ball’s motion, both in the as- 
cending and descending branch of its path. Hence too ite 
will hap pen that, in ascending, the ball’s motion will decrease 
very fast, from these double causes, and it will not ascend 
near so high as in the former case, or the vertex of the curve 
will not be either so high, or so far distant in the horizontal 
direction; that is, AB and vp will both of them be much 
smaller than they would have been in the former case. 
Again, in the descending branch ve, after having passed the 
vertex v, the gravity accelerates its motion downwards, the 
horizontal motion continuing still to decrease; by which 
‘means it happens, that the direction of the descent ap. 
proaches always nearer and nearer to the perpendicular di- 
rection, or towards a parallel with vB; till at length, the bo- 
rizontal motion being quite destroyed, the ball descends by 
its gravity quite perpendicularly downwards, with a velocity 
which, though continually increasing, can never exceed, nor 
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‘indeed quite equal, its 
terminal velocity, such 
as is peculiar to the par- 
ticular size and weight of 
the ball, as assigned in 
prob. 10, which therefore G 
is the utmost limit of the velocity that the shot can descend © 
with, * 


(1 ee 


114. From this view of the ball’s motion, it is manifest 
that the two branches of the path are both of them of the 
hyperbolic kind, having an asymptote, or tangent at an in- 
finite distance, in a particular situation, being oblique, as 
DE, in the ascending branch, but perpendicular, as rc, in. 
the descending, Further, the velocity in the ascending 
branch is quicker, but the time in motion less, than in the 

-descending branch, as the motion in the latter can only ap- 
proach a certain limit, called the terminal velocity. The 
ascending branch too is less curved than the descending one. 

115, Again, the slowest motion of the shot, in the para- 
bolic theory, is at the vertex ; but in the air, or resistance 
theory, the point of slowest motion is a little beyond the 
vertex, in the descending branch, as at the point #; because 
the motion there, nearly horizontal, is much resisted by the 
medium, while it is but little assisted by the perpendicular 
descent of gravity. For the same reason too, the point of 
greatest curvature will not be at the vertex, as in the para- 
bolic theory, but a little way beyond it, as at 1. Further, 
the ordinate Bc in the descending branch, is much less than 
that AB in the ascending one, and both of them far less than 
yn the parabola, sometimes as much as in the proportion of 
10 or 20-to 1; the altitude sv is also much less. | 

116. Lastly, the angle of elevation of the piece, to yield 
ithe greatest range or amplitude ac, with the same velocity, 
is not when it is equal to half the angle of the plane ac with 
the vertical line ax, as in the parabola; but,.on the contrary, 
is considerably less than half, and the more so both as the 
-shat is smaller, and the velocity is greater; because, in the 
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Jower pitch, the shot has much less quantity of the resisting 
air to pass through, than in the higher ones. On these ac 
counts the angle for the greatest horizontal range, may be 
at all degrees between 45° and 30°, the slowest motions and 
largest shot being almost at 45°, but gradually more and 
more below that’ degree, as the shot is smaller and the ves 
locity greater, till at-length, with the most rapid motions 
and the smallest shot, the angle is little above 30°. 

117. From all these circumstances it partly appeats, how 
difficulta thing it must be to institute a calculation that may 
produce, with any tolerable degree of practical utility, all, 
or indeed any of the circumstances of a projectile’s path. 
But when it is further considered that the fornmtila by which 
the resistance is expressed, in terms of the velocity, is ne= 
eessarily rather complex, consisting of two 
of the velocity at least, thegattempr will so evince that the 
accomplishment of the required object, 1 we thing. on) the 
very verge of impossibility. Hence, all that‘has been éver. 
done in this matter, by the ablest mathematicians that ever 
existed, with the aid of all the resources of the ‘most, refined 
methods of analysis, has amounted to nothing more.than im= 
perfect and rather distant approximations ; nor is much were 
now to be accomplished, or expected, on the circumstances 
of the path, since thé correct and general expression of the 
resistance has been obtained ; and so the case must continue 
to remain, till many and accurate experiments can be ob- 
tained, on the ranges and times of flight of projectiles, with 
all degrees of elevation and velocity; but which, it is to be 
feared, are not likely soon to be expected. The approxima- 
tions on this head, that have been made by Newton, and 
Robins, and Euler, and professor Robison, appear to ap- 
proach nearest to practical usefulness, and of some of these 
we shall endeavour to avail ourselves on this point; making 
however several necessary alterations and corrections in 
them, from the more correct nature and quantity of the re- 
sistance which we have been enabled to derive from our 
more correct and extensive experiments, 


lifferent powers 
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118. And first then, having given the initial velocity, 
and the size and nature of the shot, we may thence find 
nearly the elevation of the piece to produce the greatest 
amplitude, and the extent of that range. 

Now these will be found nearly by means of the following 
table, altered from professor Robison’s, in the Encyclopedia 
Britannica, and founded on 
an approximation of Sir I, 
The nuinbers in 


Lable of Elevations gwing the 


I oreatest Range. 
Newton’s. great ge 


the first column, multiplied 


Initial vel, Range div. 


Elevation. 


nexed, Against this, in the 


by the terminal velocity of div. by v. by a. 
Le va “ar ae e : —— pe ol yy (Soe ee es 
the ball, give the initial ve- 06910 | 442 0! | 04110 
locity; and the numbers in | 9-9445 | 43 15 | 0°6148 
the last column, being mul- 11980 | 42 30. | 0°8176 
tiplied by the height, give | 14515 | 41 45 | 1°0210 
the greatest ranges; the AY LI WS OR PP 
‘ddle off howing the | 12085 | 40 15 | 14278 
ml - cojiuimnn snowing the 2+2120 39 30 1°6312 
elevations to produce those 24655 | 33 45 | 18346 
ranges. ZIVOO" | (B80. 03879 
119. To use this table | 2°9725 | 37 15 | 2°2413 
_ then, divide the. given initial 2 2200 36 SO | 24447 
Wane! i oA BP ana BiTh 3:4795 | 35 45 | 2°6481 
PROT (PY) PBS RETOUR LY 8n woh eganaisiy hh be eID: A Are Rs 
locity peculiar to the ball, | 3-9965 | 34 15 | 30549 
found in the table in prob. | 42400 | 33 30 | 3°2583 
10, and look fér the quotient 4°4935 | 32 45 ise 
7 ye we 2°66 
in the first column here an- 4°1470 | 32 0 |} 3 
5°0000 31 15 |} 3°8684 


2d column wili be found the elevation to give the greatest 
range; and the number in the 3d column multiplied by a, 
the altitude due to the terminal velocity, also found in the 
table in problem 10, will give the range, nearly. 


120. Ha. 1. Let it be required to find the greatest range 
of a 24]b ball, when discharged with 1640 feet velocity, and 
the corresponding angle to produce that range. By the ta- 


ble in prob. 10, the terminal velocity of the 24Ib ball is 419, 
1640 
and its producing altitude 2729: hence >> = 3:92, nearly 


uw 
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equal to 3°9865 in the Ist column of the table, to which cor- 
responds the angle 34° 15, being the elevation to produce 
the greatest range; and the corresponding number 3.0549, 
in the 3d column, multiplied by 2729, gives 8336 feet, for 
the greatest range, being rather more than a mile and a 


half, 


121. Haram. 2. Inlike manner, the same ball discharged 
with the velocity 860 feet, will have for its greatest range 
4081 feet, or above 3 of a mile, and the elevation producing 
it 40°, 

122. Corollary. These examples, and indeed the whole 
table in the 10th problem, are only adapted to the use of 
cannon balls., But it is not usual, and indeed not easily 
practicable, to discharge cannon shot at such elevations, in 
the British service, that practice being the peculiar office of 
mortar shells. On this account then it will be necessary to 
make out a table of terminal velocities, and altitudes uc to 
them, for the different sizes of such shells. ‘The several 
kinds of these in present use, are denominated from the di- 
ameters of their mortar bores in inches, being the five fol- 
lowing, viz, the 4°6, the 5°38, the 8, the 10, and the 13 inch 
mortars, as in the first column of the following table. But 
the outer diameters of the shells are somewhat smaller, to 
leave a little room or space for windage, as contained in the 
2d column. 


| Table of dimensions, Kc, of Mortar Shells. 


Diam.} Diam. | Wt. of | Wt. of | Weight | Ratio of Alt. @ 


of of shells | shells | of equal| shell to hee due to 
mortar} shells { empty fielld solid solid f0CllyY | veloc. 
inches} inches Ibs feet feet 


1°42} 315 ft 2580 
1°42 356 } 1980 
1°42 420 | 2756 
1°42 468 | 3422 
1°42 534 


4°6| 453 | 83 9 
58] 572] 1671 18 
g| 7901 43:3 | 47 
10} 9:84] 855 | 914 
13 | 12°80 | 187°8 


The 3d column contains the weight of each shell when 
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empty; the 4th when the hollow part is filled with powder: - 
the diameter of the hollow is usually 2. of that of the mor- 
tar, On account of the vacuity of the shell being filled only 
with gunpowder, the weight of the whole so filled, and con- 
tained in column 4, is much less than the weight of the same 
size of solid iron, and the corresponding weights of such 
equal solid balls are contained in col. 5. The ratio of these 
weights, or the latter divided by the former, occupies the 
6th column. . 


123. Now, because the loaded or filled shells are of less 
specific gravity, or less heavy, than the equal solid iron balls, 
in the ratio of 1 to 1-42, as in column 6, the former will have 
less power or force to oppose the resistance of the air, in 
that same proportion, and the terminal or greatest velocity, 
as determined in the 10th problem, will be - correspondently 
Jess. Therefore, instead of thewrule there given, viz, 178,/d, 

d 
a= 94d 
=: v, the diameter of the shell being d; that is, the terminal 
velocities willbe all less in the ratie of 149°4 to 178. Now, 
computing these several velocities by this rule, to all the dif- 
ferent diameters, they are found as placed in the 7th column ; 
and in the 8th or Jast column are set the altitudes which 
would produce these velocities in vacuo, as computed from 


for that velocity, 


t VU 
this theorem -. 
64 


124. Having now obtained these terminal velocities, and 
their producing altitudes, for the shells, we can, from them 
and the former table of ranges and elevations, easily compute 
the greatest range, and the corresponding angle of elevation, 
for any mortar and shell, in the same way as was done for 
the balls in this problem. Thus, for example, to find the 
greatest range and elevation, for the 13 inch shell, when 
projected with the velocity of 2000 feet per second, being 
nearly the greatest velocity that shells can be discharged with. 
Now; by the method before used, ae = 3 746 ; opposite to 


this, found in the first column of thes table of ranges, corre= 


* 
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‘sponds 35° 0’ for the elevation in the 2d column, and the 
number 2°8515 in the 3d column; this multiplied by the al- 
titude 4430, gives 12632 feet, or almost 2} miles for the 
greatest range. +. 


124. This however is much short of the distance which, it 
is said, the French have lately thrown some shells at the siege 
of Cadiz, viz, 3 miles, or more, which it seems has been ef- 
fected by means ‘of a peculiar piece of ordnance, and by 
loading or filling the cavity of the shell with lead, to render 
it heavier, and thus make it fitter to overcome the resistance 
of the air. Let us then examine what will be the greatest 
range of our 13 inch shell, if its usual cavity were quite filled 
with lead, when discharged with the projectile velocity of 
2000 feet. 


125. Now the diameter of the cavity, being about {2 of 
that of the mortar 13, will be nearly 9 inches. And the 
weight of a globe of lead of this diameter is 139°3lb: which 
added to 187°8, the weight of the shell empty, gives 327lb, 
the whole weight of the shell when the cavity is filled with 
lead, which was found 286 when supposed all of solid iron, 
their ratio or ra sent is *3783. Then, as before, the theo- 


rem will be 178,/——~ ore ieee — 190,/d for the termina! velocity ; 
which, when d=12°8, becomes 680 for the terminal veloci- 


ty; therefore its producing altitude is 7228. Then, by 


2000 % 
the same method as before, ao 9415 which number 


found in the first column of the table of ranges, the opposite 
number in the 2d col. is 37° 20 for the sian of the piece, 
and in the 3d column 22153, which multiplied by 7225, 
gives 16005 feet, or 3 miles arid 165 feet. 

So that our 13 inch shells, discharged at an elevation of 
about 373 degrees, would range nearly the distance men- 
tioned by the French, when filled with lead, if they could 
be projected with so much as 2000 feet velocity, or upwards. 
This however it is thought cannot be effected by our mor- 
tars; and that it is therefore probable the French, to give 
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such a velocity to those shells, must have contrived some 
new kind of large canmon on the occasion. It is said these 
shells, after being filled with lead, are bored ; that they sel- 
dom burst; and when they do, the explosion is inconsider- 
able. 


om 


PROBLEM XVI. e 


To determine the Circumstances of Ranges at offer oblique 


‘ Elevations, i 


126. Having shown, in the preceding articles and pro- 
blems, how, fork our theory of the air’s resistance, can b 
found, first the initial or projectile velocity of shot and shells ; 
2dly, the terminal velocity, or the greatest velocity a ball 
can acquire by descending by its own weight in the air; 3dly, 
the height a ball will ascend to in the air, being projected 
vertically with a given velocity, also the time of that ascent; 
4thly, the greatest horizontal ranges of given shot, projected 
with a given velocity; as also the particular angle of eleva- 
tion of the piece, to produce that greatest range. It remains 
now to enquire, what laws and regulations can be given re- 
specting the ranges, and times of flight, of projects made at 
other angles of elevation. 


127. Rules for the general solution of this problem would 
be best derived from experiments; and these should be made 
at all elevations, and with all charges, and with various sizes 
of balls; dbaorving both the ranges and times of flight, in 
every experiment. Such experiments would give us the re- 
lations existing, in all cases, among all these four terms, viz, 
the ranges, the times of flight, the yelocities or charges, and 
the size of the balls. Numerous and various as our experi- 
ments are, as before related, and fruitful as they are in useful 
consequences, we have obtained but a small portion of those 
above alluded to; nor do I know of any proper set of such 
experiments anywhere to be found. Such must therefore 
still remain a valuable desideratum. The few that we have 
been able to make, are those collected in arts, 8 and 24 of 


Me 
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this Tract; and these afford us but very few and imperfect 
rules, and are chiefly these following. 1st, That the ranges 
with the one-pound balls, at an elevation of 15 degrees, aré 
nearly proportional to the times of flight. . 2nd, "That the 
Fanges with the 3-pound balls, at 45° elevation, are nearly as 
the times of fligl ght, and alsoas the projectile velocities. Be- 
sides these inferences, it does not appear that the experiments 
are extensive enough to afford many more useful conclusions. 
By trials however among many of the numbers in the table 
in art, 24, it appears that in most of them, at an elevation 
between 45° and 30°, the time of flight is nearly equal to £ 
of the square root of the range; in which respect it nearly 
agrees with the similar rule for the time of flight, in the pa- 
rabolic theory, at the angle (45°) for the greatest range, 
which time it is well Maow n is equal to 4 of fist square root 
of the said range in feet, and that AAG the shot consist of 
materials very dense or very light. Whence it is probable 
that, with the help of a few other ranges at several elevations, 
some general relations might be evinced between the ranges 
and the times of flight, with the tangents of the elevations. 

But such experiments and enquiries as these, unfortunately, 
it is no longer in my power either to procure, or by any 
means to promote. We can therefore only endeavour to 
render, without them, what service we can, to the state and 
to philosophy, by such means as are in our power. 


128. There are some few theoretical principles which it 
may be useful to notice here, as first mentioned by professor 
Robison. Thus, balls of equal density, discharged at the 
same elevation, with velocities which are proportional to tie 
square-roots of their diameters, will describe similar curves; 
because then the resistances will:be in proportion as the mo- 
menta or quantities of motion. For, the resistance r,-is d?v* 
nearly; d being the diameter, and v the velocity. But, v 
being as Vd, v* will be as d; consequently d’v* will be as d?, 
that is, ris as d3. But the momentum is as the magnitude 
or mass, which is as d3 also, the cube of the diameter. There- 


fore the resistance is: proportional to the momentum, when 
T 2 


* 
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the velocity isas “d, the square-root of the diameter of the 
ball. In this case then, the horizontal velocity at the vertex 
of the curve will be proportional to the terminal velocity; 
also the ranges, and heights, and all the other similar lines 
in the curve, will be proportional to d, the diameter of the 
ball. And this principle may be of considerable use: for, by 
means of a proper series of experiments on one ball, pro- 
jected with different velocities and elevations, tables may be 
constructed, by which may be ascertained the motions of all 
similar cases. 

129. The following table also, deduced partly from theory 
and partly from experiment, may be found of use, by analogy, 
in many other cases. 


Table of the Motions of a 24-pound Shot, projected at 45° 


Elevation. 
Velocity| Range Range P die Height 
per in in the pbacaasn ts the ball 
second. vacuo. air. * rises to. 
feet yards yards yards yards 
200 415 520 330 | 100 


400 1658 | 1000 | 1019 | 300 
600 3731 | 1391 | 1419 | 400 
800 6632 | 1687 | 1719 | 464 
1000 | 10362 } 1840 | 1878 | 515 }” 
1200 | 14922 !} 1934 | 1978 | 561 
1400 } 20310} 2078 | 2129 | 606 
1600 | 26528 | 2206 | 2264 | 650 
1800 | 33574 | 2326 | 2391 | 694 . 
2000 | 41450 | 2438 | 2510 | 738 
2200 | 50155 | 2542 | 26221 778 
2400 | 59688 | 2640 | 2726 | 816 
70050 | 2734 | 2823 | 852 
81241 | 2827} 2916 | 887 4 | 
93262 | 2915 | 3002 | 922 e 
106111 | 2995 | 3086 | 996 


er | me rn | Cr re | ee eae ff 


This table contains, in the first column, the velocities, in _ 
feet, of a 24-pound shot, projected at an angle of 45 de- 
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grees; the 2nd column shows the distances, in yards, to 
which the ball would go, in vacuo, on a horizontal plane; 
the 3rd column contains the distances to which it will range | 
through the air, considered all of the same density as at the 
earth’s surface; the 4th column shows the same ranges cor- 
rected for the diminution of the air’s density as the ball as- 
cends, being therefore called the corrected range; and the 
5th, or last column, shows the height to which the ball rises 
in the air, or the height of the vertex of the curve above the 
plane. 


130. By this table it appears what an immense difference 
there is between the motions through the air and in a void, 
especially with the large velocities. It is seen that the ranges 
through the air, instead of i increasing in the duplicate ratio 
of the initial velocities, as in unresisting space, really in- 
crease slower than those velocities, in all the actual cases of 
military service ; and in the most useful cases, viz, from 800 
to 1600 feet, they increase nearly as the square-roots of the 
velocities. A set of similar tables, made with the same shot, 
at other elevations, would nearly complete what might be 
done by theory, as well as useful and necessary for practice. 


To use the foregoing Table. 

131. Suppose it were required to find the dimensions of 
the path described by a 12-pound shot, discharged with 1600 
feet velocity, and at an elevation of 45 degrees,” 

Here, recollecting that the curves are similar, and their 
corresponding lines proportional to the diameters of the shot, 
when these are discharged with velocities that are to one 
another as the square-roots of the same diameters; we must 
therefore first find what velocity of the 241b, or tabular ball, 
corresponds to the 1600 velocity of the 12-pounder, in"this 

anner. The diameters of the two balls being 4°403 and 

46, it will be, as 4/4°403 : W75°546 :: 1600: 1796 the 
correspondent velocity of the 24-pounder; which being 
sought in the table, the range and height answering to it, are 


= 
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there seen to be 2386 and 692; therefore as 5:546: A403 


e Bee : 1894 yards, the range, 

692: 549 yards, the altitude. 
That is, the range is about 1,4, mile, and the height almost 
of a mile, 


7 


132. Again, to find the range and greatest altitude of a 
9-pound ball, projected with 1500 feet velocity. The dia- 
meter of the 9lb ball being 4 inches, we have /4 : /5°546 
:: 1500 : 1766; to which in the table correspond 2343 and 
680 for the tabular range and altitude. Then 
B5AG t 4:: eae : 1690 the range, almost 1 mile. ; 

a" : 491 the height, almost + of a mile. 


133. The same table may also serve for computing the 
ranges of mortar-shells. For this purpose, we have zorily to 
‘find what must be the initial velocity of the 24- pound shot 
corresponding to the proposed velocity of the shell. This 
must be deduced from the diameter and weight of the shell, 
by making the veldcity of the 24-pounder suéh, that the ra- 
tio of its weight to the resistance may be the same as in the 
shell, after the manner of the like accommodation in pro- 
blem 15. 


Thus, to find the range of the 13-inch shell , projected with 


the velocity of 2000 feet per second, at the 45° elevation.— 
Here, the diameter being 12°8, we have / 12° 8: 4/5°546 : 


‘ 


9000: 1317, and as 178.;149°4:: 1317: 1105 the corre 


spondent velocity of the Pracduder : to which in the table 
@ answers the range 1930; then as 5*546 : 12°8 :: 1930: 4455 
yards, or about 24 miles, the range. 


PROBLEM XYII. 


tp. deter ‘mine the Penetrations of Balls into di ifferent 
Substances. 


134. The penetrations of the balls, into the blocks 
wood, formed a particular object of enquiry, in the experi- 
ments with the ballistic pendulum. Whena body in motion 


* 


x 
S 
4 
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strikes an oT Sdittoveable obstacle, it either recoils, or pene- 
* trates into it, until its whole motion is destroyed by the re- 
sistance. Now the recoil takes place when the bodies are 
endued with elasticity, and will always happen when the 
“elasticity is perfect, that is, when they possess a power of 
restoring themselves completely to the same shape, which 
thev had before the stroke, after having their forms charged 
by the said stroke; and a recoil will often happen when the 
elasticity is imperfect, or only partial, and the velocity and 
force of the striking body may not be sufficient to overcome 
the resisting strength of the obstacle, thereby preventing the 
penetration and lodging of the striking body. When the 
body and obstacle are quite destitute of this faculty of elas- 
ticity and restoring themselves, the body will penetrate into 
_the obstacle till all its motion be destroyed, and remain at 
rest, as in the case of a body falling down intoa mass of soft 
clay, &e. In both cases the ball will make an impression ; 
in’the former case there will be a restoration to the former 
shape; in the other the impression will remain ; and in this 
consists the difference between elastic and unelastic bodies. 
135. But, between these two kinds of bodies, there may 
be an infinite number of other sorts, endued with different 
degrees of this power of restoring themselves. Indeed, it 
may with certainty be affirmed, that there is not in the whole 
world any body that is per ete elastic, nor yet quite devoid 
of elasticity ; but that all possess this Mie in some degree. 
However elastic a body may seem to be, yet it will sfill re- 
tain some small mark, where an impression has been made; 
and no body has yet been discovered which, having received 
an impression, will not restore itself in some small degree. 
To explain this proposition, we need only consider the cavity 
* which is made by the’collision of the two bodies, and which 
is always made, whether the body is elastic or not; and, in 
this view, it is the same thing, whether the cavity remain 
»» unaltered, or restore itself, either wholly or in part, to its 
© former condition. . And it is clear from experiment, that if a 
ball be impelled against such an obstacle as a bank ofearth, 


* . i 
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a rampart, a block of wood, &c, the ball will lodoetin it. 


without any sensible recoil ; so that, m the present considera- 
tion, if the body be clang. its Bieri may be neglected. 


136. When a ball is discharged against such an obstacle, 
it will not only make an impression, but will penetrate to a 
certain depth; and as this cannot happen without the ball 
suffering a great resistance from the obstacle, it will have its 
motion gradually diminished, and finally quite destroyed. 
To find the depth to which the ball can penetrate, we must 
determine the resistance it suffers while it penetrates into the 
obstacle; for, whatever matter the obstacle consists of, whe- 
ther wood, or earth, &c, a greater cavity will always require 
a greater Foret: . cen since the elasticity 1 is not considerable, 
the ball will meet with the same resistance nearly, after en- 
tering a certain depth, as at the beginning of its penetra- 
tion; excepting that, in such cases, the farther the penetra- 
tion is continued, the resistance mall be rather increased by 


the greater accumulation and condensation of the parts of 


the obstacle in the front of the striking body. The resist- 
ance is therefore nearly a constant and uniform force, no 
way depending on the velocity; and so will be nearly simi- 
lar to the action of gravity, by which it happens that a body, 


‘projected directly upwards, loses equal quantities of its mo- 


tion in equal times, whether the velocity be quick or slow, 
The quantity of this foree depends on the strength of the 
obstacle, and the width of the cavity made by the ball, which 
is proportional to the square of the ball’s diameter. Hence 
the calculations for the circumstances of this motion and re- 
sistance, considering this last as a constant quantity, will be 
similar to the resisting force of gravity on a body projected 
upwards, or to any motion whatever resisted by a force that 
is constant. 


137. Therefore, let f denote the constant resisting force, 


or strength of the wood, or other matter; s the space or 


depth penetrated ; v the ae velocity, and ¢ the timeof pe- 
netration ; alsog = 16, feet, or 16 feet only, the space a 


*.@* ue” ee bal 


-_ 
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body Richratly descends by gravity,in the first sdtiond of tim 


orhalfthe velocity generated or destroyed in 1_second. Ther 
2s | 


by the principles of constant forces, f = 7 = =, an nd =~. 

‘138. Now, for an example, I have Pe by a medium 
of several experiments, that a cast-iron ball, of 1:96 inches 
diameter, discharged into the end of a block of elm wood, 
or in the direction of the fibres, with a velocity of 1600 feet 
per second of time, penetrated 20 inches deep into its sub- 
stance. It is proposed then to determine the time of the 
penetration; also the strength or resisting force of the wood, 
as compared to the force of gravity, supposing that force to 
be a constant quantity. 


Here we have v = 1600 feét, and s = 20 inches = $ feet: 


2s 10 l : 2 - 
therefore ¢ = — — ——— = —., the time or part of - 
ae v 3x 1600 480 ore aa” 


cond, during the whole penetration. Also ees 
16002 

4x16 x 23 

in this instance, is to the force of gravity, as 24000 to 1.’ 


ro FY 
= 24000. That is, the resisting force of the wood, 


139. Exam. 2. In another instance the same ball, with 


1200 feet velocity, penetrated 15, inches.—Here Reh f= = 


vu? 12002 Qs 


rT eke rar = 18000, the strength of the wood, And? = 


ga 


J f 
pcm ae rans fe : c 
= 4800 sano? the time, the same as before. 


* 
140. Exam. 3. In athird instance, the 3-pound ball, of 
2°78 inches diameter, with 1500 feet velocity, penetrated 30 


inches deep.—Here then 


15002 
f= aoe = 14062, ad strength of the wood. And» 
Tee s9 bi 5 


1 A ter els 
A Reh seme t se. 
5550 =T500 = ao? the time in this case 


141. Hxam.4. Ina 4th case, the last ball, with 1060 
velocity, penetrated 16 inches deep.—Hence 


1060? ; att 
Ye an = 13200, the strength in this case.—And 
‘3 


“. 
1s 1 } ‘ : . 
zt — 6 Prlted . 
rseeh > 500? the time in this case a? * 


a? 


ae rs * 
a? Gi ee eo 
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. _ ae. In these four examples, the results are various, both 

« for the strength of the wood, and the time of penetration, 
‘though the data, from which hey are computed, are the me- 
diums of several experiments; doubtless, the consequence 
of several unavoidable circumstances, as, the irregularity 
among the different experiments, and the different blocks of 
the wood, and the resistance of the wood not being exactly a 
Cénstant quantity, owing to the condensation and elasticity 
’ of the parts of it driven in before the ball, In this uncer- 
tainty, we may take a medium among all the four results, 
both for the strength of the timber, and the time of penetra- 
tion, as follows! 


Values of f. of t. 
24000 4:80 | 
7 i. . 18000 4.80 4 
m 14062 300 | 

3 13200 398 
‘ 4) 69262 4) 1658 | 
begins US, 
“ee J = 17315 mediums. 415 BR imate oD q 
So that, the mediums among these 4 cases, give us ,4, part | 


of a ind: for the time of the ball’s penetration ; and 17315 
_ for the strength of the tifiber , or that its Cs sf is to the 
* force of gravity, as 17315 to 1. 


r . Otherwise. ’ 


443y The calculation may be otherwise instituted thus. 
*Puttings as befofe, d for the ball’s diameter, and f for the 
strength or firmness of the matter in the euntacte* ; then shall 
d°f be proportional to the resistance; which resistance let be 
expressed by the weight of a column of water of the same 
diameter d as the ball, and the height f, its specific gravity 
being 1; and let the specific gravity of the matter of the | 
7 ball be denotdl by 2, which in the present case is 73 nearly ; | 
and a = *9854. Then ad? will be the area of the section, . 
and 2and3 the weight of the ball; so that the resistance will | 
b@ tothe weight of the ball, as ad?f to zand3, or asf to 2nd, 


ae oe re ait iy _ 
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’ 
° 3 ‘  . 
that is, as ~~ to 1 orgravity. Now, the velocity generated, 
or destroyed, by gravity, in describing’ the space s, is 8 VS; 
thus found, as W16:32:: /s: 8,/s; and, when the space | 
is the same, the velocities generated or destroyed: are as the 
square-roots of the forces, or the forces as the squares of the 
of 
velocities ; and the velocity destroyed by the force gaa? im 
describing the space s, being v; therefore as 1: 1 64s sof 
v? nd av? ndv? 


hence lee uently f= — x Vie 
c= st Consequently f= > x 59, an rye 


Otherwise agai. 


: Bf 
144. Because the resistance is —, the gravity being 1; 


: fz: 6fgs . 
therefore vy = — ae and the Ane give y* = v* — = 5 
nd i ofits * 
and when v = 0, or the motion. ceases, then v*. = 8 
ndv? ndu® ndy? 
Hence f = —— = —, and s = —., the same as the last. 
bg ‘96s? 96f 


145. Hence it appears that the depth penetrated, is»as 
the density and diameter of the ball and the square of the 
velocity, divided by the strength, or resisting force, of the 
matter of the obstacle. So that, if equal balls be discharged 
against the obstacle, or block, Teh shall the depth of abe, 

cavities made by the balls be as the squares of their velocities; 
with which the experiments nearly agree. 


* 


146. Hence also it follows, that if unequal balls, but of 
the same density or matter, be discharged with equal velocity, 
against an obstacle, the depths of the cavities will be of 
Boron to the diameters of the balls: so that, a greater ball 
will not only make a wider aperture, but will also penetrate 
farther into the obstacle, than a smaller ball, every other 
circumstance being the same in both. Again, if it be known, 
from experiment, what is the depth of the cavity, which a 
given ball, moving with a known velocity, "makes in an ob- 
stacle, we can from that find the value of f, which denotes 
the strength or firmness of the matter of w hich the obstacle 
consists : vad , in this manner, we may from experiments be 


*s 
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enabled to compare the strength of different kinds of matter 
with each other, which aitevent bodies consist of. To illus- 


trate these inferences, the following practical examples are 


here annexed. 


147.' Exam.1. Taking here again the same example as 
at art. 138, to compute it by this rule, 


ndv? Tidv2 5dv2 £ 5dv? 
2? or the value of f; and -— for the val 
96s + 96s +=64s 3 ioe if 4 64f oo 


s the space penetrated. Now, in this example we have given 
d = 1:96 ="2 nearly, v = 1600, ‘and s = 20;° therefore 
5dv? __-5.2.16002 2002 

ae = Ger = py = 20000 = f the value of the elm’s 
resistance by this rule, in the first case. ” 


148. #wvam. 2. In like manner, for the 2nd example, in 


: ant. 139, where d= 2, v = 1200, s = 15, the rule gives 


2 . 12002 2.1502 45030 
a = —- = -— = 15000: the value of f in this 


. case. 


"49. #Hxam.3. Again, for the 3rd example in art. 140, 
when d =292°73' or 2°8 nearly, and v = 1500, also s = 30; 


5 28.1500? 1.4. 1500? ton 
—_—__~—. = ———— = 16406 the value of f in this 


rive = 
Ve eemieom oi 62.3 


case. 


150. £zram.4. Lastly, for the 4th example, in art. 141, 
where again d = 2°8, also v = 1060, and s = 16; which 
give : —— = ae es ee = 15362'the value of fin 
this case. 

151, Then to take the medium among these four. 

20000 
15000 
16406 
15362 
4.) 66768 
the medium value 16692 of f, by this rule, being 
nearly the same as before, viz, 17315, by the first rule. 


152... Lram. 5 To find how far a 24-pound ball of cast 
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iron will penetrate into a block of elm, when discharged 
with a velocity of 1600 feet per second. 

Here, because, by art. 139, the ball of 2 inches diameter, 
with 1200 feet Valgeiy - Ragerrated 15 inches deep; there- 
fore, by art. 141, the depth for the 241b ball, or 5°55 inches 
diameter, with 1600 feet velocity, will be found by this pro- 
portion; as 2 x 1200': 5°55 x 16007: 15 oe = 
37 inches nearly, or 3 feet 1 inch, the penetration. 


153. Hxam. 6. It is stated by Mr. Robins (vol. 1, p. 275, 
of his works), that an 18-pounder ball, discharged with a ve- 
locity of 1200 feet per second, penetrated $4 inches into 
sound dry oak, It is required then to ascertain the com- 
parative strength or firmness of oak and elm.—By art. 140, 
the strength of the obstacle being as the diameter of the ball 
and the square of the velocity directly, and the space pene- 
trated inversely; and the diameter of the 18lb ball being 
5:04 inches; we shall have, 


Ys in dv2s a2 2x 122 x 34 2x 34 17 Fens] 
ike ¢ Avies Goend 04 Mr 1a x TS0 SOs eLs os ads hea 3 


Whence it would seem, that elm timber resists less than oak, 
in the ratio of about 17 to 19. 


155. Exram.7. A 24-pounder ball being discharged into 
a bank of firm earth, with a velocity of 1300 feet per second, 
penetrated 15 feet. It is requires then to ascertain the com- 
parative resistances of the earth and elm wood. Comparing. 


the numbers here with those of the 5th example with the 


‘J v2s 162x 15 x*12 256 x 180 46080 


+. nf ree | pie Cc Reinier TE pe ak ie hr | R=, a 
same ball, it is = <a 132 x37 132 x 37 6253 


7: nearly. That is, elm timber resists about 7+ times more 
chen the earth. 

156. LExam.8. To determine how far a leaden bullet, 
of 3 of an inch diameter, will penetrate dry elm ; supposing 
it Bischeveed with a velocity of 1700 feet per second, and 
that the lead does not eee its figure by the stroke against 


the wood.—Here p = 3, N= 11} the specific gravity of lead, 
and m = 74 nearly, that of cast iron. Then, as before oe : 
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_ ¥x114x179x2 17? x 30 
pa Sx tex ioe” "16S tie . j 
penetration.—But, as Mr. Robins found this penetration, by 
experiment, to be only 5 inches ; it follows, either that his 
timber must have resisted more than twice as much as mine ; : 
or, else, which is much more probable, that the defect in his 
penetration resulted from the change of figure in his leaden 
ball, from the blow against the wood ; as \gean bullets have 
ae observed to be quite flatted by such a stroke. 


= 13 inches nearly, the depth of 


157. #¥am.9. <A one-pound ball, projected with a ve- 
locity of 1200 feet per second, having been found to pene- 
trate 15 inches deep into sound elm: It is proposed to ascer- 
tain the time of passing through every single inch of the 15, 
and the velocity lost at each of them; supposing the resist- 
ance of the wood constant or uniform.—Here, the velocity 
being 1200 feet, or 1200 x 12 = 14400 inches; and the ve- 
locities and times being as the square roots of the spaces, in 


constant retarding forces, as well as in accelerating ones; 

and ¢ bein a dw SG te J Dict * 
8 = "> — 12%1200 — Taso0 — a0 Part of a secon 

the whole time of passing through the 15 inches; there- 


fore as 
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Y15: 715 — fl4izu: 


Veloc. lost. Time in the : 
ee = 40°72: 0: alee AN = 100007 Ist inch , eo 
aorta — 49'9-:f: oe = ‘00007 2nd - i 

Sy = 438 2: t: FY t = -00008 Srd pis: 

capil — 457s: ht: rae = -00008 4th 
vey = 418 &e. wel — :00008 5th 
vita v = 503 net = :00009 6th és 
vow roo ae Ratositen, = ‘00009 7th 
OM = 5665 nea ¢ = -00010 8th 
vies v= 608 | “oe +0001) Sth ‘ 
oe Weer et = *00012 “oth . ? 
ws MORES Ps ace f = 00018 11th | 
aa v = §3'0 et cea = *00014 12th ' 
ak eS ag8 oe? = 00017 13th 
oto =128'3 ante ¢ = 00022 14th 
aorta oy =309°8 Serre = -00054 15th 

Sum 1200:0 | Sum 725 oF 00208, sec. © 


Hence, as the motion lost at the beginning is Very small ; 
and consequently the motion communicated to any body, @s 
an inch plank, in passing through it, is very small alsos “we 
can conceive how such a plank may be shot through, when 
standing upright, without oversetting it. — e 
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PROBLEM XVIII. . 
4 


© 158. To determine the Cireumstances of Space, Penetration, 
Felocity, and Time, arising from a Ball moving with a given 
Velocity, and striking a moveable Block of Wood, or other 


“* Substance. 
‘* 


Let the ball move in the direction ax, passing through the 
centre of gravity of the block B, impinging on the point c; 
and when the block has moved through the space cp, in 
consequence of the blow, let the ball have penetrated to the 
depth DE. 
- duet 8 = the mass or matter in the block, 

5 b = the same in the ball, 
cp. the space moved by the block, 
DE the penetration of the ball, and theref. 
« = CE the space described by the ball, 
the first velocity of the ball, 
the velocity of the ball at z, 
veloc. of the block at the same instant, 
the time of penetration, or of the motion, 
” = the resisting force of the wood, 


CEQ warS (7 
Tg Wa 


Then shall = be the accelerating force of the block, 


* and > the retarding force of the ball. 


Now, because the momentum Bu, communicated to the 
block in the time ¢, is that which is lost by the ball, namely, 
~ by, therefore Bu = — bv, and pu = — bv. But when 
v = a,u = 0; therefore, by correcting, Bu = b (a — v)3 
or the momentum of the block is every where equal to the 
momentum lost by the ball. And when the ball has pene- 
trated to the utmost depth, or when uw = v, this becomes 
Bu = 6 (a — u), or ab = (8+) uw; that is, the momentum 


eo 
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before the stroke, is equal to the momentum after it. And 
the velocity communicated will be the same, whatever be 
the resisting force of the block, the weight being the same. 


. ao. . 4er ) 4, 
Again, by forces, it is uw = af and — 0 = = x (s+), 
or rather, by correction, a — v* = Es + x). Hence the 
- : b(a? — v2) — 4 | | | 
penetration or ¢ = C=“) — 48") And when v = u, by 


. ] * 4gr ; , 
substituting w for v, and Bu* for 4grs, the greatest penetra- 


bat = (8 + b)u? 


tion becomes ; and this again, by writing ad for 


g 
its value (B + 6)u, gives the greatest penetration r = 
Bha2 ba? ba* 
aie ae ( ~3). Which is barely equal to iT 
when the block is fixed, or infinitely great; and is always 


ba? 

very nearly equal to the same — when s is very great in res 
agr 

spect of 6. Hence then 


4 a*|? 

On eres A eeroneprens 
Spr Sh = a B43 cll 
4or v + 6)? 4gT 


And therefore 8 + 6:3 + 20: 1S + 24, 
Or BE Os) bw Ss ha eS; 
by Bg? 


a 33 = ot 
nd B+ 4gr(B +b)? 


159. Hxam. When the ball is iron, and weighs 1 pound, 
it penetrates elm about 15 inches when it moves with a ve= 


locity of 1200 feet per second, in which case, 


T a? 1200? _. 300? 
NET aS es | ca g nearly. : 
rs) 4er omer Oi CF A ae 1x 2d Bs, bPaOP J } 
ab _ 1200 


When 8 = 400]b, and 6 = 1; thenu = =m 
fect nearly per second, the velocity of the block. 


Bu? 400 x9 1 
Also 4gr 4x 16x 18000 320 part of a foot, or 3, of 


an inch, which is the space moved by the block ual the ball 
. has completed its aA ak ei 


2 | 
Andi = a = 075 = quo Part of a eran or tf = 
2 | +80 
2s+Qr 320 12 _14400_ 


aes at RBG NR ale CCRT == part of a: second ety 


the time of penetration. 
VOL. III. v 


« 


Fn 


a) 


ol 
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For the circumstances relating to the motion of a block, 
suspended by, and vibrating on, an axis, when struck by a 
ball, seesTract 34j.arts, 22) 4 4.6) Sl. 


PROBLEM XIX. 


160. To determine the Circumstances relating to a given 
Ball discharged from a Cannon, with aygwen Charge of 


Powder. 


Let the annexed figure re- 
present the bore of the gun; 
ABD being the part occupied 
with the gunpowder. And put 
a = Ab, the length at first occupied by the charge ; 
6 = az, the whole length of the gun bore; 
¢ = °7854, the area of a circle whose diameter is 1; 
d 
é 


= pp, the diameter of the ball, or of the bore; 
=: the specific: gravity of the ball, or weight of 1 cubie 
Toot ; 
g = 164, or 16 feet, descended by a body in 1 second ; 
m= 230 oz, the pressure of the atmosphere on 1 sq. inch; 
to 1 the ratio of the first force of the fired powder, to the 
pressure of the atmosphere ; 
w= the weight of the ball; and let 
x = AC, any variable distance of the ball from a, in moving 
along the gun barrel. Then, ; 
First, cd? is = the area of the circle gp of the balls . 
therefore mcd’ is the pressure of the atmosphere on BD ; 
conseq. mncd* is the force of the powder on Bp. 

But the force of the inflamed powder is supposed to be 
proportional to its density, and the density is inversely as the 
space it occupies; therefore the force of the inflamed pow- 
der on the ball at B, is to the force on the same at ¢, as ac 
is to AB ; that is, 
#:a::mned: = = F, the motive force at c; 

wanacd? 


F . 
eonseq. —- = —— =f, the accelerating force there. 


TRACT 37. OF GUNNERY. 291 


2Qemnacd? he 

Hence, by rorchas gu = = bof Sr ee 
4g d2 

the fluent of w hich j i lg =X 


hyp. log. of x. 


But, when v = 0, then + = a; therefore, by correction, 


Be ene x hyp. log. — is the correct fluent ; conseq. 
v= vy aii x hyp. log. —)is theveloc. of the ball at c; or 
enone b.{". . ~ 6 oy, 
v= 7 —) is 7 ith which 
v(——— x hyp. log. —) is the velocity w ¢ 


the ball issues from the muzzle at E; where / denotes the 
length of the cylinder filled with powder ; a being the length 
to the hinder part of the ball; which will be more than 4 
when the ball does not touch the powder. 


But, the content of the ball being 2ed3, its weight is w= 


4emnhcd? 6emnh 96. 220.144nh 
2cd3e; therefore 7 3 = Vf arp coe  doaamery cts oh = 


1783 vit. Consequently the rule is 
‘ b 
nh é nh ; 
v= 1783. (— x hyp. log. id = MOE: x com. log. a) 
When the ball is of cast iron, e = 7400, and the rule is 


priser 45.7 ("= x log. “) for the velocity of the iron ball.’ 


Or, when the ball is of lead, then e = 11325, and 
V = 25:42 7 ( = x log. =j for the velocity of the leaden ball; 
in which two theorems, a, 6, d, h, may be taken in any mea- 
sures, either feet or inches, &c. 

161. Exam. Foran example, it has been found that the 
medium velocity of the gun n° 2, with a charge of 4 ounces 
of powder, has been alipat 1180 feet. Now, ‘the ball being 
1°96 inches in diameter, and the charge of powder with its 
containing bag occupying 3°45 inches of the cy linder, but the 
powder a sae only 2°54; the numeral yalnes of the letters 
in the theorem v = 31 wr eas x log. “oe will be a= 3°45, 
b = 38°43, d = 1:96, h = 2°54; and if we suppose n= 1000, 
as assumed by Mr. Robins; these substituted in that theorem, 
give v = 1159, being about 21 feet too little. 


162. Such then is the solution of the problem in its most 
a u2 


” 
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simple state, v the velocity, and x the first force of the in- 
flamed ender: being the unknown quantities to be deter- 
mined. .. But, several circumstances are omitted in this so- 
lution, hich would diminish the velocity of the ball; and 
though, when taken separately #they may amount to but little, 
yet, GB taken all together, they may be too considerable 
to be entirely neglected, The.first of these, that may be no- 
ticed, is the counter pressure of the peg ae. or external 
air, hich ought to be taken into the account ; for, so long 
as the ball continues in the cavity AB, tt is wage back, and 
its motion retarded, by the pressure of the incumbent air on 
the forepart of the ball, This pressure is equal to that of a 
column of mereury 30an¢hes high, or equal to med” as found 
above; which retarding force is to the weight of the ball w, 
med? 


to 1... Therefore, instead of the first fluxional equa- 


: 2g¢mced? ant 
. thn. ‘it will now be cv = stir tate etnias x), the correct flu- 


as 


4omcd2 


—> xX (an x hyp. log. gte-2) 5 


ent of which gtves v* = 


4gmcd? b 
andi when v'= an=6, thenv = VA x anx bid log. - 


-+a@—b) is the velocity with which the ball issues at the muz-, 
zle of the gun. 


sei bem 96.. 230.2 7144 1783 
But ay, wat =Vyz= ype ie Be Wit oe ~ ; 
therefore shi theorem is v = 2 x (an x me, log. 2+a—By. 


163. By taking the same SE i as before, and com- 
puting it by this rule, the result comes out only the 366th 
part less than before, or about $ feet Jess, being too incon- 
siderable to be regarded. Should we also take into the ac- 
count the effect of the air before the ball, which is condensed 
there by the resistance from the pressure of the atmosphere, 
it will probably amount to about an equal quantity, or little 
more. So that the two together may be estimated at about 
the 180th part of the whole. 


164. There are also several other causes of the diminu- 
tidn of the velocity, besides the two abovesmentioned. One 
of these'is the friction of the ball in. moving along the cylin- 


* 


* 
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drical bore of the piece. This indeed cannot amount to 
much; but, whatever it is, there does not appear to be any 
exact method of computing it. Another cause of diminu- 
tion, is the loss of force by the elastic fluid escaping by the 
vent and windage of the gun; and this is likely to be very 
considerable, as the fluid will issue out by the vent, and by 
the sides of the ball, with its whole velocity, which is at a 
rate vastly more than that of the ball itself. Some estimate 
of the loss of velocity by this cause, might be deduced from 
some of the earliest part of our experiments; but a more ace 
curate calculation of it must be deferred, till we come to de- 
termine with what velocity it is that the elastic fluid expands 
itself. * 


165. Other Causes of diminution in the velocity are, the 
gradual firing of the powder, also the unequal motion and 
density of the elastic fluid behind the ball, and lastly the 
weight of the powder itself, which must require part of the 
force to give it so violent a motion’ ‘The investigation of 
the theorem proceeds on the supposition that all the powder 
is fired the first instant. But, though the time of firing is 
‘manifestly very small, yet it must be acknowledged that it is 
not all inflamed in an instant, both from the circumstance, in 
the higher charges, of many grains of powder being blown 
out unburnt} and the velocity of the ball being very sensibly 
below what it ought to be, on the supposition of the total 
and instantaneous inflammation. A considerable diminution 
must therefore result on this account, without admitting of a 
theoretical investigation, and without the means of an esti+ 
mation, except from the defect of its due force in the ex- 


periments. 
; 


»166. Again, the motion of the inflamed fluid is slowest 
next the breech, and gradually quicker all the way, from 
thence to the ball, where it is the quickest. For the same 
reason also, the fluid is densest and strongest next the breech, 
and all the way rarer and weaker to the ball, where it is the 
weakest, Besides, the fluid is supposed to act upon the ball, 


- 
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and to urge it, with its whole force and velocity; whereas in 
fact it only acts with its relative velocity, or by the excess 
above the velocity of the bal]. On all these accounts then, 
it is manifest that the velocity in the experiment must be 
greatly diminished, without receiving a previous theoretical 
calculation, to estimate its eflects. 


167. Lastly, in the calculation it is supposed that the 
whole strength of the powder is exerted in urging the ball 
forward ; -whereas some part of the force must be employed 
in giving motion to the gross particles of the powder, and 
even the generated fluid itself; which consequently ought to 
be deducted from that which was supposed to act on the ball, 
or its weight, either im whole or part, added to the ball, by 
which means the motion of this will be still further diminished. 
On all these, and perhaps other accounts also, it is matiifest 
that the experimented velocities of balls must be far below 
what they ought to be, if the whole force of the inflamed 
powder was employed and spent only upon the ball In givile 
it motion. 

» 168. To renew the calculation of the velocity then, so as 
to include in it, as well as that of the ball, both the weight 
of the charge of powder, and the flannel bags in which it: 
was contained. ‘Now, because the elastic fluid of the in- 
flamed powder occupies, at all times, the part of the gun 
bore behind the ball, the middle of it, or nearly its centre of 
gravity, will be moved with only half the velocity that the 
ball moves with; and this will require the same force as half 
he weight of the powder, moved with the whole velocity of 
the ball. Therefore, in the result before derived, we are 
now, instead of the weight of the ball w, to subset the 
quantity p + w, and then, instead of the Hi theorem, it 


— % hyp. log. <) for the vee 


will now become v = 4/( 
locity of the ball, p denoting half the weight of the powder 
and. bag, 

But. when the given numbers are subsffented for the letters 
&, M, C, and the hyperbolic logarithms are reduced to the 


* 
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common Ones, then the same formula becomes 
2210 nhd2 


b we 
= ( ow Com. log. —), or it is also nearly 
nhd?2 
v= 41,/(——, x log. vas the same velocity; or it is 
. ha b 
v= 46° igi py: — x log. —); including the allowance for the 


counter- presaure of the air. r 


169. But now, as we have determined by numerous ex- 
pertments, detailed in the 34th Tract, the actual velocities 
of balls ina great multitude of instances, by substituting then 
any of those velocities for v, in the last theorem, it is mani- 
fest that the equation will give us the value of the unknown 
quantity 2, which has hitherto been assumed to denote the 
first force of fired gunpowder; the values of all the other 
Jetters in the formula being known. Considering all the other 


quantities then as given, and reducing the last equation to 


> . . + Ty 
in, it gives usm = 2» 
find 7, It gives us 2 = sop 


value of the first force of the elastic fluid, or how often 

at is stronger than the pressure of the atmosphere; a quan- 
tity which bas been assumed equal to 1000 by Mr. Robins, 
but imagined by several other persons to be some larger 
number. In the theorem, d and / denote inches, v feet, and- 
p and w ounces, : 


Penn log. of a: for the general 


170. Now, to make application of this theorem to some 
ofthe cases in Tract 34, to the end of the year 1786, for 
_ the three cases of 4, 8, and 16 ounces of powder, with all 
the four different Ras of guns. We have seen that the 
ball there employed, was of 1:96 inches in diameter, and its 
medium weight 16 oz 13 dr = 16°81 oz. It has been found 
also, that the weights of the bags containing the 4, 8, and 16 
-ounces of powder, were 8 dr, 12 dr, and 1 oz 5 dr; these 
then being added to the respective weights of powder, the 
sums 4°5 oz, 875 0Z, 17°31 oz, are the correspondent values 
of 2p; and their halves, 2°25 oz, 4°38 oz, and 8°66 oz, are 
the values of the quantity p for those three charges; these 
then being added to 16°81, the constant weight of the ball, 
there result the three values of p + w for the said three © 


® 
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a 

charges of powder, which values therefore are 19°06, and 
21°19, and 25°47 ounces. It may be remarked also that the 
lengths of the gun bores, when corrected for the spherical 
hollow in the bottom of the bore, is, for the four guns, 28°53, 
38°43, 57°70, and 80°23. Also, that the length of the three 
charges, when corrected in like manner, are 3°45, 5:99, and 
11°07, for the powder and bag together ; but for the powder 
alone only 2°54, 5°08, and 10°16, So that a general synopsis 
of all these dimensions and data, with the correspondent Ves 
locities of the ball, will be as in the following table. 


The Gun. Charge of Powder. Wt. of First 
—_— | ball and | Velocity,} force, or 
Lengthor| yw. ;,| Length or value | charge, jor the va-|the value 
N°| value of us 1 or values lues of v, of n. 
b Spiga Gye are of hk, jofp+w. 


———— | TT —_ 


4: 3°45 | 2°54] 19°06 | 1100 | 1182 
28°53 8 5°99. | 508}; 21°19 | 1340.) L319 
16 | 11°07 | 10°16 | 25°47 | 1430 | 1531 


Co Ss 8 SR AS 0 ee Sa tee fe ee ee 


4 | 3:45 | 2-54 | 19°06 | 1180 | 1192 
213843| 8 | 5:99] 5:08] 21:19 | 1480 | 1440 
16 | 11°07] 10°16 | 25°47 | 1660 | 1526 


eee ee 
es | ns |r ceri | cece yo | ns | RY 


4 | 3°45 | 2°54] 19°06 | 1300 | 1238 
3 | 57°70 8 | 5°99] 5:08} 21:19 | 1790 | 1622 
16 | 11°07 | 10°16 | 25°47 | 2000 | 1670 


ee ee ee 


ee eee 


4 | 3°45 | 2°54! 19°06 | 1370 | 1231 
81° 5:99! 5:08 | 21°19 | 1940 | 1664 
16 | 11°07 | 10°16 | 25°47 | 2200 | 1684 


Then, by computing the values of the force n, by the pre- 
ceding formula, from the several data contained in the first 
seven columns of this table, those values come out as they 
are here arranged in the 8th or last column, 


171, Here it is observable that the values of 2, for the 
first force of the elastic fluid, are considerably various, both 
for all the guns and for all the charges of powder; several 
of which circumstances can be easily accounted for, and 

*some of them appreciated. And first, it must be considered 
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that these numbers, for the value of m, ought to exhibit the 
first force of the inflamed powder, when it is supposed to oc 
cupy the space only in which the bare powder itself lies; 
whereas it is manifest, that the condensed fluid of the charge, 
in these experiments, occupies the whole space between the 
ball and the bottom of the gun bore, or the whole space taken 
up by the powder and the bag together: which exceeds the 
former space, or that of the powder alone (besides the dif- 
ferent lengths 1 in the bore, which has been accounted for by 
using / for g in the theorem) at least in the proportion of the 
circle of the gun bore, to the same as diminished by the _ 
thickness of the surrounding flannel of thetbag that contained 
the powder; it is manifest then that the force was diminished 
inthe same ratio on that account. Now, by gently com- 
pressing a number of folds of the flannel together, it has 
been found that the thickness of the single flannel was equal 
to the 40th part of an inch; the double of which, 34 or °05 
of an inch, is therefore the quantity by which the diameter 
of the circle of the powder within the bag, was less than that 
of the gun bore. But the diameter of the gun bores was 2°02 
inches ; therefore, deducting the -05, the remainder 1°97 is 
the diameter of the powder cyl linder ten the bag: and be- 
cause the areas of circles are to each other as the squares. of 
their diameters, and the squares of these numbers, 1-97 and 
2°02, being to each other as 388 to 408, or as 97 to 102; 
therefore, on this account alone, the numbers before found, 
for the values of 7, in the last column of the table, miust be 
increased in the ratio of 97 to 102, or‘nearly the ,*, part ; 
which increase being made, the numbers for the value of 7 
will be as in the annexed tablet, so far as includes the effect 
of this cause of increase. 


The Guns. 


aid | 2 3 
4 1244 } 1255 } 1303 
8 1388 } 1521 j 1707 
6 1612 } 1606 } 1758 


* 
298 © THEORY AND PRACTICE TRACT 37+" 


172. There is another circumstance, which occasions the 
space, at first occupied by the inflamed powder, to be larger 
than that at which it has been taken, in the foregoing calcu- 
Jutions; and that is the difference between the content of a 
sphere and cylinder. For, the space supposed to be occu- 
pied at first by the elastic fluid, was considered as the length 
ef a cylinder measured to the hinder part of the curve sur- 
face of the ball, which is manifestly too little, by the differ- 
ence between the content of half the ball, and a cylinder of 
the same length and diameter, that is, by a cylinder whose 
length is 4.0f the semidiameter of the ball. Now that dia- 
meter was 1°96 inches ; the half of which is 0°98, and 4 of this 
is nearly 0°33. - Hence then it-appears that the length of the 
cylinders, at first sapposed to be filled by the dense fluid, 
viz, $45, and 5°99, and 11°07, have been all taken too little 
by 0°33; and hence it follows that, on this account also, all 
the numbers before found for the value of the first force 7, 
must be further increased in the ratios of $°45 and 5°99 and 
11°07, to the same numbers increased by 0°33, that-is, to the 
numbers 3°78 and 6°32 and 11°40. When this is done, the 
numbers for the value of 2, so increased, will be as in the 
annexed tablet. . 


Dr at 
Powder. The Guns. 


Oz 1 Q a 4 
4 1359 | 1376 | 1427 | 1421 
8 1457 | 1612 1793 1840 
6 1660 1654 | 1811 1826 


173. Another source of diminution of.the force, is the 
waste of thé fluid by the vent and the windage. These di- 
minutions, from the extreme rapidity of the fluid, must be 
very considerable, though the eflects are very difficult to be 
computed with accuracy. This loss of force arises frem 
hence, that while the ball passes along the gun cylinder, the 
elastic fluid constantlyescapes, not only at the vent or touch- 
hole, but also between the ball and the sides of the cylinder ; 
so that the elastic force must always be greater than those 
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above found by computation from the experimented veloci- 
ties. This fluid, on account of its great elasticity, moves 
much quicker through the above-mentioned openings, than 
the ball ever can move. Hence the diminution of the im- 
pelling force must be considerable, and must necessarily 
make the velocity of the ball much less than what it would 
otherwise be. In order to assign the quantity of the decrease 
from this cause, it is necessary to know with what uvelocity 
the compressed elastic air, in the gun," passes through the 
vent, and by the sides of the ball. This degree of velocity 


can never be communicated to the ball, since the powder _ 


acts on the ball only by its relative velocity, that is, by so 
much as the velocity of the ball-is less than that of the flame. 
would be, if there was no ball at all, or if it was suddenly | 
rs RR Since the ball, by its own mass, resists the mo- 
tion of the flame, as well as meets with resistance from ex- 
ternal causes, it ts easy to conceive that the ball can never 
acquire so great a velocity as the flame would acquire, if no 
obstruction lay in its way. Hence it is obvious, that the 
greatest velocity which the powder can cominunicate to the 
ball, will always be less than that which the pure fame would 
acquire, in proportion to the weight of the ball it impels, 


and the resistance the ball meets with. And hence, it is of 


the greatest importance to obtain a knowledge of that velo- 
city. ‘That it is immensely great, is evident from the cir- 
cumstance of its communicating such high velocities to the 
heaviest balls and shells, being probably not less than 3 or 4 
times that of the balls in the more ordinary cases. There 
may be several ways of determining this, either by theory or 
by experiments. But, preparatory to that determination, 
we shall first enquire what aid towards-it may be further de- 
rived from our own experiments, especially by another cor- 
rection of our theorem for the ball’s velocity, on account of 
the waste of the elastic Auid by the vent and windage. 

174. This subject has before been adverted to in arts. 77 
and 113 of the 34th Tract. It there appears that, upon an 
average, about the 4 part of the force is lost by the difference 


wy 


t 
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of +, of an inch in the windage, viz, between the balls of 
1:96 and 1 86 diameter, that of the cylinder of the gun being 
2°02. And the quantity Jost being as the spaces, and the 
spaces as the differences of the squares of the diameters ; 
therefore, as 1°96" — 1°86*:4:: 2:02? — 1:96? ; 4$ nearly= 
“21 nearly; and this is the part of the force Jost by the wind- 
age between 2°02 and 1°96 diameters. There remains yet to 
be computed the waste by the vent. If we estimate this in 
proportion to its magnitude, which will not be far from the 
truth; and its snaps ie nearly + ofan inch = ‘2; 
therefore as 1°96? — 1°86? : 4 :: +27: °04 “nearly ithe waste of 
force by the vent only. The two contlltiee make °25 or 4, 
for the waste by the windage and vent with the usual ball of 
1°96 diameter. On this account then we must increase each 
of the numbers in the last tablet by the 2 part, by which 
means they will then become as here Sineeatt for the several 
values of the first force n. | 


Powder. , The Guns. 


2 4 


OZ 3 
4 1700 | 1720 L iB 4a 1776 
8 1821 | 2015 | 22417} 22892 


2068 | 2264 | 2300 


175. Such then are finally the numbers denoting the va- 
Jue of 7, the first force of the inflamed elastic fluid, including 
the effect, of heat, when occupying the space only filled by 
the powder alone, before it was fired, when most of the ma- 
terial allowances are made; and which we thus find is about 
double of what Mr. Robins supposed it to be. With each 
charge of powder, there is but very little difference among 
all the four guns, being of equal diameter, though of very 
different lengths; the numbers increasing but a very little 
with the longer guns, probably arising from the circumstance 
of the powder acting rather a: longer time on the ballin the 
long guns, than in the shorter; a circumstance which very 
well accounts for the smail difference in the effect... But a 
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greater difference takes place among the effects of the dif- 
ferent charges, with each of the guns, as in each case there 
is a pretty uniform increase with the charge of powder; a 
circumstance which probably happens from the greater de- 
gree of heat likely to take place with the greater quantity of 
powder, and which may therefore very well account for the 
differences here adverted to. So that all the numbers, now 
finally deduced, seem to possess all the favourable appear- 
ances that eae be expected to happen from, the causes most 
likely to peadued such effects. ' 


176. Let us now advert to other consequences resulting 
from the foregoing conclusions. We have found the strength 
of inflamed gunpowder, when fired, or while the flame occu- 
pies only the same space as the powder did before it was 
fired, on a medium to be about 2000 times the elasticity of 
common air, or 2000 times the pressure of the atmosphere, 
when the barometer stands at 30 inches, that is, equal to the 
weight of a column of mercury, of equal base, and of the 
height of 60000 inches, or 5000 feet, being almost a mie in 
height; that is, including the effect of the heat of the flame. 
Now, it has been shown by Mr. Robins, and several other 
nema that the elastic air generated by the firing of 
any parcel of gunpowder, when cooled to the temperature 
of common air, and made to fill a space of about 244 times 
ereater than the bulk of the powder, was then reduced ex- 
actly to the same strength or elasticity as common air; and 
that therefore, when cooled, and filling only the first. space 
of the unfired powder, the elasticity being at least in as high 
a proportion as the density, its elasticity must be then equal 
to 244 times that of natural air. And having found that a 
heat equal to that of red-hot iron, will increase the elasticity 
of air 4,4, times; therefore, supposing the heat of inflamed 
gunpowder to be equal to that of the red-hot iron, he con- 
cluded that the elasticity of the heated elastic fluid would be 
equal to 244 x 4, or 998 times, or in round numbers about 
1000 times, greater than that of the atmosphere. 


= 
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177. On this principle it was that Mr. Robins made all 
his experiments, and performed all his calculations in gun- 
nery. But it is manifest that this method of guessing at the 
degree of heat of the flame must be very uncertain and un- 
satisfactory, as much below the truth, since all our notious 
and experience of the heat of inflamed powder convince us, 
that it is higher than that of red-hot iron; and indeed it bas 
elearly appeared from our experiments, that its heat is at 
least double of that of red-hot iron, and that it increases the 
elasticity of the elasti¢ fluid more than 8 times. Mr. Robins, 
as before mentioned, stated that he computed the elastie fluid 
produced by the fired powder, when cooled, to be 244 times 
denser and stronger than common air: this however is a ra- 
dical error, the effect of which runs through al) his after cal- 
culations; and it happened in increasing the number 520, 
by its {5 part, erroneously stating it thereby to become 575, 


Instead of only 555; in consequence it happened that he 


brought out the number 244, instead of 236, which is the 
true measure of the elasticity of the cool elastic fluid, when 
occupying the same space as its producing powder. But it 
has been found, from our experiments, that by the heat of 
the flame, the elasticity is increased to 2000 times that of the 
atmosphere, which is an increase of almost 9 times the force, 
by means of the heat of the inhamed powder, instead of 4 
times only. 


178. We may hence also deduce the amazing degree of 
condensation of the elastic air in the nitre and gunpowder, 
and the astonishing force experienced by its explosion. It 
has been found by Mr. Robins and other philosophers, that 
y> of the mass of the powder consists of the pure condensed 
air} or that the weight of the condensed air is equal to 43, of 
the whole composition. But the whole composition of the 
powder consists of 8 parts by weight, of which 6 parts are 
nitre, 1 sulphur, and 1 charcoal ; of whieh the nitre, or 4 of 
the composition, furnishes the whole of the condensed see 
while the sulphur and charcoal only give the fire that pro- 
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duces the explosion. But 3, of the whole mass of 8 parts, 
is equal to 54, of the 6 parts or nitre; that is, # or = of the 
nitre consists of condensed air, or the weight of the air is to 
the weight of the gross matter in the nitre, as 4 to 6, or as 2 
to 3; and these two parts it is probable are of equal density 
or specific gravity. But the specific gravity of nitre is 1900, 

“that of water being 1000, and of air 1:2, which is contained 
in +900, as much as 1583 times; that is, the air in the nitre 
must be condensed the amazing quantity of 1583 times, if its 
specific gravity be equal to the compound nitre itself ! 


179. The condensation of the air, in the solid nitre, may 
be otherwise determined thus. The weights of the three 
solid ingredients, nitre, sulphur, and charcoal, being as ‘the 
numbers 6, 1, 1, and their specific’ gravities respectively 
1900, 1810, and 400 nearly, water being 1000, or they are 
as 19 and 18 and 4 nearly, when water is 10. Therefore the » 
magnitudes of these ingredients are as 5%, +4, +, or as the 
numbers 216, 38, 171, when brought to a common denomi- 
nator 684. The first fraction 24% is nearly equal to the sum 
of the other two 28, and 421; that is, the magnitude of the 
nitre in the compound, is + of the whole magnitude. But 
the condensed air is 2 of the nitre; and 2 of 1 = !; therefore 
the magnitude of the air is 4 of the whole, considering them 
all as in a solid mass. But now the specific gravity of this 
mass will be found by dividing the weight 8, by the magni- 
tude 2454-28, 471-435, that is 8 +433 = 12°8 is the specific 
gravity of the solid mass, while that of the same when grained 
as powder for use,-is only 9°37; then as 937: 198 ace ae 
(the density of the elastic fluid when occupying the space of 
the grained powder) : 322 the density of the same in the 
space of the solid. But the space occupied*by the fluid is + 
of the whole: therefore 322 x 5 == 1610 is the conaeiie 
tion of the same, or the number of times it is défser than 
common atmospheric air, and is nearly the same as before 
found by the other method. That is, the air is condensed in 
the nitre, about 1600 times, nearly. double the density of 


¢ 


+ 
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water; which may well be considered as probably the great 
est degree of compression that air is capable of. Hence it 


_ may be perceived that a prodigious force must be exerted by 
» Mature in generating nitre: and as this great force actually 


exists in nature, it is very probable that the air in the nitre 
is thus compressed into the most dense state possible; and 
in this consists the similitude among the different particles” 
of nitre. Ri. 


1g0, It remains now then to determine the velocity with 
which the elastic fame expands itself and moves. If the 
whole substance of the powder was changed into an elastic 
fluid at the instant of the explosion, then, from the known 
elasticity of this fluid deduced from our experiments, in the 
foregoing articles, and its known density, we might deter- 
mine the velocity with which it would begin to expand, and 
_ could thence discover its future augmentations in its pro- 
* gress through the gun cylinder. But, as it is probable even 
that the pow der does not inflame all at once; and as it is 
certain that the greatest part of it, viz. 4%, consists of gross 
matter not conver sublet into an elastic fluid; which matter will 
in the explosion be mixed with the elastic part, and will by 
its weight retard the activity of the explosion, and yet they 
will not be so uniformly mixed, and intimately united, as to 
be moved with one common motion; but the gross part will 
be less accelerated than the elastic, and some of it will not 
even be carried out of the barre}, as appears by the quantity 
of unctuous matter which eters to the inside of all fire- 
arms, after they have been discharged. And besides, it ap- 
pears hot that even the elastic fluid itself is uniformly diffused 
throuch all the space of the gun cylinder; but rather, on 
the contrary, that the elastic mon must be more coin pieeen 
and dense in the after parts, and less in front. From all 
these cireumstances it is manifest that some uncertainty must 


attend even the application of any theorem to our best ex- 


desu such as the preceding formula v = 46° TS 


x log. ~) for the value of the ultimate velocity 2, or the 
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form n = 2+% 4 + log. © for the value of the initial 
orm % = so1a og. or the value oO € initia 
force x. For, though these two thus depend the one upon 
the other ; and the one of these, as v, be very well deter- 
mined by the experiments; yet the formula includes a quan- 
tity p, the exact value of which it is impossible to-assign, but 
must remain very uncertain, being only g cuessed at by judging 
from circumstances as near as may be. In these formule, p 
has been assumed equal to half the weight.of the powder and 
bag; a portion which, from the uncertain cir¢umstances be- 
fore mentioned, must’evidently be too large a quantity, be- 
cause it presupposes a uniform diffusion and density through- 
out the mass of inflamed powder, both of the gross and the 
elastic parts. Such asit is however, we shall proceed to eqn- 
ploy the first of these formule to Loleihiine the velocity of 
the flame, and afterwards make such corrections in the resiilts 
as other reasons may happen to suggest. 


nhd2 


_18].. Now, in the formula o = 46° hades x log. “= 


46° Td ws =; x log. —) giving the sda wlbclip of the 
ball, what weight is w, it is manifest that the less the weight 
w, in the dia din iiatoa is, the greater will be the value of 
the velocity v, of the ball, and the fore part of the elastie 
fluid, which pursues and urges it. on; therefore, by supposing 

the value of w diminished till it quite vanishes, or becomes 
equal to nothing, the formula must then give the velocity of 
the expanding elastic fluid itself, subject only to the uncer- 
tainty of the assumed part p. Now, by shy ae the ye Bae 

w in that theorem, it becomes v = 46° NdVv (2 x log. <); or; 

substituting 1°96, ae value of d, instead of it, the formula 
becomes 91° 532 (— x log. ); by which we shall now, 
proceed to compute the Slice of v, accor ding to the different: 
values of all the quantities a, b, n, h, p, as before assigned, 


which several values, for the four guns, are as in the’sub- 
joined table. 


be 3d 
ta 


¥y 
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Charge of Powder. 
Velocity 


Values of | of flame,. 


n 


3°45 | 2°54] 2°25) 1700 | 3841 
5°99 |} 5°08} 4°38 | 1821 | 3464 
11°07 | 10°16.| 8°66 | 2075 | 2896 


—_—ewe | eee | ee | | ee | 


3°45 | 2°54) 2°25 |) 1720 | 4127 
5°99 | 5:08 | 4°38 | 2018- | 397716 
11°07 | 10°16 |. 8°66 | 2068 | 3305 


eee Gomme Gescomenes | cee | eee | a 


B45 | 2°54) 2°25 | 1784 | 4544 
5°99 | 508} 4°38 | 2241 | 4629 


ve 


11°07 | 10°16 | 8°66 | 2264 | 3995 
3°45} 2°54) 2°25 | 1776 | 4791 
5°99 | 5°08] 4°38 | 2282 | 4999 


| 14-07 | 10:16 | 8:66 | 2300 | 4405 | 

Then, by computing the velocity for every, one of the twelve. 
cases, by the last formula, they come out as they are arranged 
in the Jast column of this table. And here it is seen that these 
numbers, for the velocity of the elastie flame, gradually in- 
crease from the shortest gun, to the longest, from the num- 
ber 3000 to 5000, as might be expected to happen from the 
different lengths of the guns, but in a far smaller degree, 
like the numbers for the value of , in the last column but 
one. The four mediums, among the three numbers for each 
gun, are 3400, and 3803, and 4389, and 4732 ;. also the me-. 
dium among all these is 4081. But, by an experiment cf a 
different kind, Mr. Robins found the velocity of the flame 
come out as high as 7000, which is probably nearer the 
truth, as we suspected, before making the computation, for 
the reasons before mentioned, and chiefly by taking so much 
as half the weight of the charge for the value of p, while it 
is moré likely that it should not be more than ¥ or 3 so much 
as has been assumed for p. If a calculation be made with + 
of the same value of p, the result comes out between 7 and 
8 thousand, which may probably be nearer the true quantity; 
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and with 4 of p; or 4 the whole weight of the charge, the ve» 
locity is between 6 and 7 thousand, which is probably the 
nearest of any. 


182. Another consequence to be derived from our the- 
orem for the velocity of the ball, is the proper charge for 
any given gun, so as to communicate to the ball the greatest 
velocity possible. It is not difficult to perceive that the ve- 
Jocity,will not be increased by increasing the charge beyond. 
a certain degree; because, when the barrel is almost full of 
powder, the. ball will be out of the piece before the charge 
has,time to give it the full velocity; and, on the other hand, 
when the charge is very small, it is too weak to give the ball 
a sufficient impulse. So that, by increasing the charge gra- 
dually from the smallest, the P dlodity communicated to the 
ball will be gradually increased, till it arrive at a certain de=-. 
gree; after which, the veloiey will be gradually decreased 
again, as the charge is more increased, till the barrel is quite 
filled with the powder. Hence it follows that, in every gun, 
there is a certain charge which will give the greatest velocity 
to the ball; and that by either increasing or diminishing the 
charge, the motion of the ball will be diminished, Now it is 
evident that the knowledge of this charge is of great import- 
ance in artillery: for, by this means the artillerist is enabled 
to discharge the ball with the greatest velocity; and some- 
times to save much powder, by knowing that a greater charge 
would not communicate so great a motion, but perhaps much 
less. Therefore, to find the charge which will give the 
greatest motion to the ball, we must make the formula a 
tuaximum which expresses the velocity, or its fluxion equal 
to nothing, considering the length a of the charge as the va- 
rying quantity. if 


183. If, for this purpose, "8 take here the first formula, 
4¢ ag 
= (= x hyp. log. =); then by squaring and can- 


celling the constant factors, we obtain @ xX hyp. log. = a 
5 a ° ‘ ° 
maximum, or the hyp. log of (2) a maximum, The fluxion 


x2 
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of thisis a x hyp. log. — -a= 0; hence the hyp. log. of 
a = 1, and sd = the number whose hyp. log. is 1, that is 
2 = 2°71828, and = =a soo or the length of the charge 
é is rather more thai? + of the length of the gun bore. So 
that a: b::1:2°71828, or as 4 to 11 nearly, or nearer as 7 
to 19; that is, the length of the charge, to communicate the 
greatest velocity, by the above formula, isthe ,4 of the length 
of the bore, or nearer ,% of it, or about 4. By our experi~ 
ments it has been found (art. 124 Tract 34) that the charge 
for the greatest velocity, is but little less than that which is” 
here computed from theory; the correspondent parts there 
found, for the four guns, being nearly ;3, 3, 43, 25; the 
parts here varying as the gun is longer, which allows more 
time for the greater quantity of powder to be fired, and for 
the flame to act on the ball, before it is out of the bore. 


_ 184, But we shall be likely to come nearer to the experi-+ 
mented quantity, if, instead of the first or incorrect formula, 
we employ the more exact one, which includes the weight of 


a portion of the powder, as well as that of the ball; viz, the 
4gmnacd? 


b Bye 
rary be hyp. log. —, or, omitting the cons 


theorem v? = 


stant factors, x hyp. log. _ must bea maximum. Now 
it will be convenient here to express p and w in terms of @ 
and d.. And first, the content of the ball being cd? in cubic 
inches; and the cubic inch of cast iron weighing 4°3 ounces ; 
therefore 4°3 x 3cd3 = 2°83cd3 is = w the weight of the ball 
in ounces nearly. Also the length of the cylinder of the pow- 
der and bag being a, its content will be acd* inches; and the 
weight of the cubic inch of the same being half an ounce 
nearly, or rather ‘54, therefore *54acd* is = 2p the weight 
nearly, or p = ‘27acd*. Substituting now these values of p 
and w in the denominator of the sare above mentioned, 


acd? 
itbecomes secaaaaae * hyp. log 2) Terra * hyp. 


log. — — the maximum. Then putting the fluxion of this 
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quantity = 0, the wiser reduced: gives hyp. log. of 
a 106d Hp 10: 
of the hype Jog. of =; in assuming the whole value fit. or 


half the weight of sha powder in the formula, 


— a general expression for the value 


185. Now, though it might be very easy to find the value 
of a in this equation, for any particular values of 6 and d, by 
means of the rule of double position; yet it may be proper 
to obtain an equation, and a general value of the length of 
the charge a, out of logarithms. And for this purpose it may — 
be convenient to aie i Dr. Halley’s approximation for a 
humber froma given logarithm, whiéh is this, the number is 


BOK BRe b 
—= = > Where — is the required number, and / its hy per- 
bolic togartthen: Now, in the present case the quantity Z 


10°6d ‘ _ : : 
oroe*?. which therefore being substi- 


denotes the fraction 


106d 7° L 
b 31'8d+a 4a 
tuted for Z, that number becomes — = [37 — =3 + Ge 


Hence it appears that, in all cases, the value of @ is less than 
2 of b, and that so much the more as the charge is higher, 


The diameter d being = 1°96, which substituted for it, the 


b "63.4. 
last equation becomes — = Z 
a 21— 


quadratic equation, a* + (68 + b) a = 216. This applied 
e our first gun, where 6 = 28°53, it gives a = 61; hence 
— = 46 nearly; which by the experiment was 4=1=33. 


-; which reduces to this 


—But when the same quadratic equation is applied to the 
4th gun, in wh dy b = 803, it brings out @ = 1] nearly; 
consequently ~ — = 7} nearly, but which by the experiment 
was 27 = 63, So that, in every case, the theorem brings.out 
the rite of a rather too great, when the whole value of p, 
or the half weight of the charge, is used in the denominator 
2 |  ehitte 
186. But, we before found, in determining the velocity 
of the inflamed elastic fluid, that the properest value of the 
quantity p, is not equal to half the weight of thé charge, but 
rather to $ of it, or to 3p. By using this quantity then, in- 
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stead of p, as above, and repeating the process, the final 
equation comes out nearly a* + (96 + 6) a= 326, where the 
numeral coefficients are to those in the former case, as 3 to 2, 

the same as the two values p to 4p here assumed; and so it 
will always be in the cases of other assumptions for that of p. 

Or the equation will be a* + (48+) a = 16); when a and 
b are estimated in calibers of the gun. Then , by computing 
the values of a in this equation, for all ny four different 
Jengths of our guns, they come out very near the same as 
those before found i in the experiments. Also, from the same 
equation the following table has been commnatan, for th 

lengths of the chargessproper to give the greatest velecile 
by several different guns, the foneths being estimated in ca- 
libers or diameters of their bores, by the common difference 
of 5. | 


Length of the piece in Length of the charge in 
calibers, calibers. 
, P ; ‘ | 
5 | 147 
10 | 2°64 aaa) 
15 | 3°60 , 
20 | 4°42 
25 | 5°12 
30 | 5°73 
35 | 6°27 
40 | 615 
45 | 719 
50 | 758 


187. All these calculations, from theory, agree very nearly 
with the result of the experiments; a coincidence which is 
at once a proof and confirmation mutually of the one and the 
other. Mr. Euler has given a similar table from theory, in 
which the lengths of the charges are all very erroneous, be- 
ing too great by quantities in a regular increasing series, 
from the ratio of 1 to 1°64 the least, to that of 1 to 1°90 the 
greatest, being almost double. And in many other cases the 
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calculations of the same author, though extremely ingenious, 
are equally erroneous, chiefly for want of a knowledge of the 
true resistance of the air, to bodies when moved with great 
velocities. 


188. From what has been done in the last two articles, we 
can now deduce a much more convenient theorem for find- 
ing the velocity in all cases, as well as the greatest velocity 
communicated to the ball, from any given gun, and with any 
given charge of powder. In those articles, the quantities 
employed, besides the constant numbers, are or may be all 
counted in calibers of the gun; for the diameter d is 1 cali- 
ber, and a and 3, the length of the ‘charge and of the gun, 
can be as welrrenmentlt éstimated in éalibers, as in any other 
measures whatever. The asia theorem being: 


cee 4gmn acd? 64 x 230n. acd? 
vw = “2 apa bins log. — Tie, Sarre hyp. 
log. — = 1226n x she x hyp. log. = —, or v* = 2824n x 
eee bei 
w+ iw x com. log. pitt Os 84737 X ——— = % com. log. — 


where w denotes the weight of the iron’ "ball, w’ the wae 
of the powder, 2 the first strength of the powder, or how 
many times it is stronger than the elasticity of common air, 
and c = *7854. But now, the diameter of the ball being d, 
its content will be 2cd3 cubic inches, and its weight w = 4°3 
x 2cd? = %cd3, And the diameter of the powder being d 
also, and its length @; therefore its content is acd*, and its 
weight :54225acd?, Then, substituting these values of w and 
mw in the above foxintia, it becomes by reduction v = 15625” 


x = x log. of — nearly. Or, putting ¢= the num- 


ber of calibers or diaweeeis contained in a the jeri of the 


i = Liat 
HAD the theorem becomes ¢* = 15625n x + ore be log. of 


. —,orv = 125 Mie x log. of ~); being the simplest 
and most easy theorem for the ball’s velocity that has yet 
been found, and is besides general for all diameters and 
lengths of guns whatever, all the dimensions being taken in 
calibers or diameters of the bore only. The quantity » might 
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also’ have'a humeral value given to it: for, though the : value 


of n.be a little various, for the different charges and guns, 
being between the numbers 1700 and 2300 in the last deter- 
mination of them in art. 174. But as that statement of those 
values of x, was the result of experiments made with the 
charges of powder put into bags, which renders the length 
of the charge always considerably more than the real length 
which the powder alone would occupy in the gun cylinder, 
especially in the. lower charges; and as the theorem, which 
is just above given, supposes a to denote the length of the 
powder alone, without any including bag; it may therefore 
be best to take a medium among Bubs values of x for the high- 
est charge, as shown in the Jast line of the table in the de- 
termination above referred to, which numbers, for the four 
guns, run from 2075 to 2300, the medium among .the four 
being nearly 2200, the square root of which is 47 very nearly. 
This then being substituted for /7 in the ae theorem, it 
becomes finally v = 5875 “Ares x log. of -), for the ve- 
locity of the ball in all cases, both ca and in its most 
simple form. Or it may be v = 5875 rae x log. of “J, 
counting both @.and 6 as expressed i in poles of the cunt 


189. We shall now apply this formula in calculating the 
greatest velocity of shot discharged from all guns, in a series 
of all the lengths, differing by 2 calibers at.a time, with the 
respective tents of the charges that communicate the great- 
est velocity; the results, with the correspondent data, are 
arranged in the following table, which are all the same, 
whatever the caliber or diameter may be; the powder put 
in close to the plane or flat bottom of the bore, without a 
bag, and the diameter of the ball equal to the caliber of the 
gun, or as al Ah SO as possible, with very gis or no 0 wind- 
ager! 


wba 

: te 
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Table of Charges for the greatest Velocities. 


Wt, of  * 
Length ofjLength of} Quotient |POW4er iM Greatest ve- 
the bore |the pow- of ba, 100 parts locity of ball 


in cali- |der in ca- b of the wt. b J 
bers. libers. — of the y each gun, 
b @ +4 ball, 


2 | 063 | 3171 12 810 
4 | 1°20 | 3333 | 23 1122 
6 | 172 | 3°488 33 1348 
gs | 220 | 3636] 49 1529 

10 | 2:64 | 3:°788 | 50 1681 

12 | 305 |, 3°934 | 58 1813 

| 14 | 343 4 4082 | 65 1929 

| 16. | 3°78 |: 4233 | 71 2033 

| 18 | 4:11 | 4380 | 78 2127 

290 1442 | 4525 | 84 2213 
92 | 4-71 4°671 go 2992 
24 14:99 | 4810 | 95 23667] - 
26 | 5:25 | 4952 | 100 2434 
28 | 550 | 5091 | 105 24.98 
30 15:73 | 5235 | 109 2558 
| 32 | 596 | 5369 | 113 2614 
| 34 | 617 | 5510 | 117 2668 
36. 1637 | 5651 | 121 2719 

| 3g | ose:} 5793 | 195 | 2767 

| 40.) 675 | 5996. | 128 2813 

| 42 | 693 | 6061 | 132 2851 

| 44 | 710 | 6-197 | 135 2399 

| 46 | 7-27 | 6328 | 138 2939 

48 | 743 | 6460 | 141 2978 

50 17°58 | 6596 | 143 3015 

52 1772 | 6736 | 146 3051 

54 | 786 | 6870. | 149 3085 

56 | 8:00 | 7-000 | 152 | 3118 

58 | 813 | 7°134 |155 | 8150 | 
8°26 3181 - 


190. In this table, the first column contains the different 
Jengths of the guns or mortars, expressed in the number of 
calibers, or how many times the diameter is contained in the 

length, differing by 2 diameters each time, and extended 
from the shortest to the very longest piece, so as to include 


* 
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all the lengths and diameters of pieces that can be used. In 
like manner, the 2nd column shows all the correspondent 
lengths of the charge of pure powder, put in without any 
bag or wad, but set close up with the rammer, these being 
the alice to produce the greatest velocity of the ball in 
each gun, and expressed in calibers of the gun also; all 
those values of @, or length of the charge, being determined 
by the foregoing theorem a’ -++ (48 + 6) a= 16), in art. 186, 
by using for the value of 6 the successive numbers 2, 4, 6, 
8, &c, in the first column. The $rd column exhibits the 


quotients of 6 divided by a, or the values of -, being the 


proportions of the length of the bore to the length of the 
charge. The 4th column shows, in so many 100th parts of 
the weight of the ball, what is the weight of the several 
charges of powder whose lengths are contained in the 2d co- 
lumn, to produce the greatest velocity in the ball. Thus, 
for the first piece, of only 2 calibers long, the weight of the 
charge to give the greatest velocity, is 72,, or about 1 of 
the weight of the shot; fey the Bite of 10 calibers, the 
weight Mr the charge is ,5°%, or just 7 the weight of the 
ball; for 26 hy ae bore, the weight of the powder is 100, 
or just the weight of the ball; and so on to the last, of 60 
calibers bore, where the weight of the powder is 132 of that 
of the ball, or more than 14. And this column of tha: weights 
of the powder is made out from that of the lengths of the 
charges, in the following manner. In art. 184 it is shown 
that the weight of the ball is $%cd° ounces, and that of the 
powder -54295aca", which two quantities are to each other 
in proportion as d to “19a or 4 - of a nearly, where d denotes 
the diameter or 1 caliber, a the calibers in the length of pow- 
der ; therefore the values of a, in the 2d column, multiplied 
by ‘19, or divided by 5°26, will give the weight of the pow- 
der in 100th parts of the ball, as they are arranged in the 4th 
column. Lastly, the 5th column contains the several great- 
est velocities by the same guns, with the foregoing charges 


of powder, as computed from the formula 5875 4/ (—— x 
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log. of “5, where a and 6 are expressed in calibers of the 


gun, as they stand in the first and second columns of the 
last table. So that this table and the rules are general for 
all calibers or diameters of guns, as well as all tants ; and 
from which the practical artillerist may derive the greatest 
advantage. If he wish to-know what may be the best charge 
for any gun he wants to employ, knowing only how many 
calibers it is in length, with the weight of the ball; by look- 
ing in the table, he sees at once both the length of the charge 
of powder, and its weight, as well as the degree of velocity 
it will communicate. If the length, in any case, fall between 
any two adjacent numbers in the first column, itis then only 
necessary to take the like medium between the correspond- 
_ent numbers in the cclumns of powder and velocity. Ifa less 
degree of velocity be necessary, the correspondent charge of 
powder may be found, by taking it in proportion to the 
square of the velocity; viz, by saying, as the square of the 
tabular velocity is to the tabular charge of powder, so is the 
square of the proposed velocity, to the charge desired: and 
thus in many cases a needless waste of powder and velocity 
may be prevented. In fine, it may be with truth remarked 
that this table, and the foregoing rules, being deduced from 
very numerous and laborious experiments, may be depended 
on for practice, as far more exact and satisfactory than any 
thing of the kind that has been before given for such pur- 
poses. 


TRACT XXXVIIL 


MISCELLANEOUS PRACTICAL PROBLEMS, XC, ILLUSTRATING 
SOME OF THE FOREGOING PRINCIPLES. 


PROBLEM If. 


It is required to find the Diameter of a Circular Rarachute, 
by means of which a man of 150lb weight may descend to ihe 
earth, from a Balloon at a height in the-air, with the Velocity 
of only 10 feet in a second of time, being the Velocity acquired 
by a body freely descending through a space of only \ foot 63 
inches, or of a mangumping down from a height of 183 inches : 
the Parachute being made of such materials and thickness, that 
a circle of it of 50 feet diameter, weighs only 1501b, and so i 
proportion more or less according to the area of the circle. 


If a falling body descend with a uniform velocity, it must 
necessarily meet with a resistance, from the medium it de- 
scends in, equal to the whole weight that descends. Let x 
denote the diameter of the parachute, and a = °7854; then 
ax* will be its area, and as 507: 2”; : 150: =32° the weight 
of the same, to which adding 150lb, the man’s weight, the 
sum -3,27-+ 150 will be the whole descending weight, Again, 
in the table of resistances, at pa. 189, Tract 36, art, 42, we 
find that a circle of 2 of a square foot area, moving. with 10 
feet velocity, meets with a resistance of °57 ounces='0475lb; 
and the resistances, with the same velocity, being as the sur- 
faces, therefore as 3 :'0475 : : ax? :°21375ax" = °167882" 
the resistance of the air to the parachute, to which the de- 
scending weight must be equal; that is, °167882* = 53,27 + 
150; hence -1078827 = 150, or a7 = 1390°5, and hence x = 
372 feet, the diameter of the parachute’ required. 
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. 
PROBLEM It. 


To determine the Effects of Pile-Engines. 


The form of the pile-engine, as used by the ancients, is not 
known. Many have been invented and described by the 
moderns. Among all these, that appears to be the best which 
was invented by M. Vaulone, as described by Dr. Desaguliers, 
and was used at piling the foundations at building Westmine. 
ster Bridge. Its chief properties are, that the ram or weight 
be raised with the least expence of force, or with the fewest. 
men; that it fall freely from its greatest height ; and that, 
having fallen, it is presently laid hold of by the forceps, and 
so raised up to its height again. By which means, in the 
shortest time, and with the fewest men, or the least force, 
the most piles can be driven to the greatest depth. 

Belidor has given some theory as to the effect of the pile- 
engine; but it appears to be founded on an erroneous prin- 
ciple: he deduces it from the laws of the collision of bodies. 
But who does not perceive that the rules of collision suppose | 
a free motion and a non-resisting medium? It cannot there- 
fore be applied in the present case, where a very great re- 
sistance is opposed to the pile by the ground. We shall 
therefore here endeavour to explain another theory of this 
machine. | 

Since the percussion of the weight acts on the pile during 
the whole time the pile is penetrating and sinking in the 
earth, by each blow of the ram, during which time its whole 
force is spent; it is manifest that the effect of the blow is of 
that nature, which requires its force to be estimated by the 
square of the velocity. But the square of the velocity ac- 
guired by the fall of the ram, is as the height it falls from; 
therefore the force of any blow will be as the height fallen 
through. But it is also more or less in proportion to the 
weight of the ram; consequently the effect or force of each 
blow must be directly in the compound ratio of both, viz, as 
aw, where w denotes the weight, and a the altitude it falls 
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from; or it will be simply as the altitude a; when the weight 
w is constant. 

Again, the force of the blow is opposed by the mass of the 
pile, and by the consistence of the earth penetrated by the 
point of the pile, and also by the friction of the earth agairist 
the sidés of the pile that have penetrated below the surface. 
Consequently the effect of the blow, or the depth penetrated 
by the pile, will be inversely in the compound ratio of these 
three, viz, inversely as mif, where me denotes the mass of the 
pile, ¢ the tenacity or cohesion of the earth, and f the fric+ 
tion of the surface penetrated in the earth. But, in the 
same soil and with the same pile, m and ¢ are both constant, 
in which case the depth of penetration will be inversely only 


as f the friction. On all accounts then the penetration will 

? aw . a 
be as —, Or simply as - 
and soil. 


only, for the same weight and pile 


To determine the depth sunk by the Pile, at each stroke of the 
ran. 


After a few strokes, so as to give the pile a little hold in 
the ground, to make it stand firmly, the blows of the ram 
may be considered as commencing, and causing the pile to 
sink a little at every stroke, by which small successive sink- 
ings of the pile, the space the ram falls through will be suc- 
cessively increased by these small accessions, and the force of 
the successive blows proportionally increased. But these, 
on the other hand, are resisted and opposed by the friction 
of the part of the pile which has been sunk before, and which 
also sinks at each stroke; and as the quantities of these rub- 
bing surfaces increase in a greater ratio to each other, than 
the heights fallen through, that is, the resisting forces in- 
creasing faster than the impelling forces, it is manifest that 
the depths successively sunk by the blows must gradually 
decrease by little and little every time ; which is also found 
to be quite conformable to experience. Thus then the suc- 
cessive sinkings will proceed gradually diminishing, till they 
become so small as to be almost imperceptible. 
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’ Now it was found above that % is as the penetration by 


any blow of the ram, by the same pile in the same soil, that 
is, as the height fallen directly, and as the resistance or fric- 
tion in the earth inversely. Let a’ denote any other and greater 
height, by an after stroke, and_/’ its friction; also p the pe- 
netration by the former blow, and p’ that by the latter, which 
must be the smaller: then, by the foregoing principle, 
a ak <. ::p:p'; hencea:a:: pf: pf’, which is a general 
theorem. ) 

But now, with respect to the quantity of friction from any 
blow, though it be not known from experiment that the fric- 
tion is exactly proportional to the rubbing surface, there is 
great reason to believe that it must be at least very nearly 
so: there is also equal reason to conclude that the effect or 
resistance from that rubbing surface must be nearly or ex- 
actly as the length of space it moves over, that is, by the 
penetration of the pile by any blow. Now, if d denote the 
depth of the pile in the ground before any new blow is struck 
by the ram, and @ the depth or penetration produced by the 
blow, then the length of the rubbing surface will be ¢ + 36; 
for, the length of the rubbing surface is only d at the begin- 
ning of the motion, and it isd + 5b at the end of it, the me- 
dium of the two, or d + 4d, is therefore the due length of 
the surface, and the space or depth it moves over is 4; there- 
fore the whole resistance from the friction is (d + 45)d. If 
d' then denote any other depth of the pile in the earth, and 
6’ the next penetration, then (d’ + +0’)d’ will be its friction. 
Substituting now 4 for p, and 4’ for p’, also d+ 26 for f, and 
d' + 15’ for f’, in the general theorem a: a’: : pf: p’f’, it be- 
comes a4: a’ : : (d4-46)b: (d’+40')i’, for the general relation 
between the heights fallen and the resistance and penetra- 
tion. 4 

This theorem will very conveniently give the series of ef- 
fects, or successive sinkings of the piles, by the blows of the 
ram. Thus, after the pile has been properly fixed, or indeed 
driven to any depth in the earth, denoted by d, then to sive 
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a blow, the ram falls from the height a + d, and thereby 
sinks the pile the space 6 suppose ; hence, for the next stroke, 
the fall willbe a + d + 6=d in the theorem above, and 
d’ + 16'= d + b+ 4’, the next penetration or sinking being. 
b; therel.a +d:a+d+06::(d+ 1b): (d+b440)0, 
a proportion which gives the quadratic equa, b*+26'(d+ 6)=. 
a+d+b 


—— x (2d + 5)b, the root of which is 6’ = ~— (d + 4) 4+ 


atd 
Me at+d+é _ @+adtb . d+ tb. 
nlilely tp) 6) ap AE VACA A BORE ee 


bh 


- because 8 is small in com- 


} » d+ 
nearly, or indeed = > 
parison with a@ + d. 


Now, for an exampie in numbers, suppose a = 5 feet =; 
60 inches, d = 10, 6 = 3, that is @ = 60 the height of the 
rain above the top of the pile before this enters the ground ; 
d = 10, after being fixed in the ground; and 6= 3 the 
sinking by the next blow: then a X3=2°65= 0 
the 2d stroke. Next, substituting 
d +- b for d, and 6' for b, the same 
theorem gives 2°48 for the next 
sinking, or the next value of 6. 
And so on continually, by which 
means the series of the successive 
corresponding values of the letters 
will be as in the margin, the last 
column showing the several suc- 
cessive sinkings of the pile by the 
repeated strokes.of the ram. 


Specimen of the Series}. 
of the Successive va- 
lues of d, 6, 0’. 

d b b’ 
10 3 2°65 
13 2°65 | 2°48 
15°65 2°49 | 2°32 
18°14 | 2°32 | 2°19 
20:46, | 2°19 | 2°08 
&e. 


Scholium. Thus then it appears, that the effect of any 
operation of pile-driving may bedetermined. It is manifest 
also that the greater ais, or the higher the top of the machine 
is where the ram falls from, above the top of the pile at first, 
the greater will be every stroke of the ram, and consequently 
the fewer the strokes requisite to drive the pile to the requi- 
site depth. But then every stroke will take a longer time, 
as the ram will be both longer in falling and longer in rais~ 
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ing: so that it may be a question whether, on the whole, the 
business may be effected in the less timé by a greater height 
of the machine, or whether there be any limit to the-height, 
so as to produce the greatest effect in.a given time. 

To answer this question, let + denote the indeterminate 
height from which any weight w is to fall, z the time of 
Faising it after a fall, which time is dipunied to be as the 
height «x to which it is raised, also m the given time of pro- 
ducing a proposed effect ; then 1,/+ =the time of the weight 
falling; therefore: 7.r + 2 =the whole time of one stroke; 


m 4m : . : 
conseq. ———— or —— — is the number of strokes made in 
ffi +z x +4 
, : _ 4Amaw 
the given time m, and: hence 


Tia — the whole force ox ef- 


+ fect in the time 7, Now this effect or fraction increases con- 


tinually as + incfeases, because the nuimerator increases 
faster than the denominator, since the former increases as 2, 
while, in the latter, though the one terin z increasés as 2, 
yet the other term % only increases as the root of . So 
that, on the whole, it appears that the effect, in any given 
time, increases more and more as the height is increased. 


PROBLEM IIlI. 


To deiermine how far a man, who pushes with the force of 
100/b, cun thrust a sponge into a piece of ordnance, whose di- 
ameter ts 5 inches, and length 10 feet, when the barometer 
stands at 30 inches: the vent, or towch-hole, being stopped, and 
the sponge having no windage, that is, fiiting the bore quite 
close ? 


A column of quicksilver 30 inches hich, and 5 in diameter, 
is 5* x 30 x °7854 = 589°05 inches; which, at 8102 oz 
each inch, weighs 4772*48 oz, or 298°28lb, wlich is the 
pressure of the atmosphere alone, being equal tu the elas- 
ticity of the air ip its natural state ; to ie adding the 100lb, 
gives 398°28ib, the whole external pressure. Then, as the 
spaces which a quantity of air possesses, under different 
pressures, are in the reciprocal ratio of those pressures, it 

VOL. I1l. Y 
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will be, as $98°28 : 29828 : : 10 feet or 120 inches : 90 inches 
nearly, the space occupied by the air; theref. 120—90=30 
inches, is the distance sought. 


PROBLEM IV. 
To assign the Cause of the Deflection of Military Projectiles. 


It having been surmized that, in the practice of artillery, 
the deflection of the shot in its flight, to the right or left, * 
from the line or direction the gun is laid in, chiefly arises 
from the motion of the gun during the time the shet is pass=- 
ing out of the piece: it ts required then to determine what. 
space an 18-pounder will recoil or fly back, while the shot is 
passing out of the gun; supposing its weight to be 48volb, 
that of the carriage 2400lb, the quantity of powder glb, the 
length of the cylinder 108 inches, that of the charge 13 inches, 
and the diameter of the bore 5°13 inches ; supposing also that 
‘the resistance from the friction between the platform and car- 
riage is equal to 3600Ib? 

It is well known that confined gunpowder, when fired, 
immediately changes in a great measure into an elastic air, 
which endeavours to expand in all directions. Now, in the 
question, the action of this fluid is exerted equally om the 
bottom of the bore of the gun and on the ball, during the 
passage of the latter through the cylinder; the two bedies 
therefore move in opposite directions, with velocities which 
are at all times in the inverse ratio of the quantities of matter 
moved. Now let x be the space through which the eun re- 
coils; then, as the charge occupies 13 inches of the barrel, 
and the semidiameter of the barrel is 2°565, the space moved 
through by the ball when it quits the piece, is 108 — 13 ~ 
2°565 — # = 92435 — xv: and as the elastic fluid expands 
in both directions, the quantity which advances towards the 
muzzle, is to that which retreats from it, as 92°435—z to x: 
consequently Gils pa comkens 
| 92435 92°435 
powder which move, the former with the gun, and the latter 


x 8 are the quantities of the 
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with the ball; besides these, the weight of bal! that moves 
forwards being 18lb, and of the weights and resistance back- 
wards 4800 + 2400 + 3600 = 10800Ib, herice the whole 


8x 
weights moved in the two directions are 10800 + 92495 and 


. 92°435 —x 998298 + Sx 2403'31 — 8x 
18 hie “teectanlabisaks Cee. OF. 25.1ne 
EY eges rice Sak CEE and ceaatale 


numerators of these only. But when the time and moving 
force are given, or the same, then the spaces are ce ed 
as the quantities of matter; therefore x :92°435 — 4&: 
2403'31—82x : 998298 + 8.x, or by composition, x : 92°435 : 
2403'31 —8x : 1000701°31, and by div. x: 1 :: 2403°31 Ost: 
10826, theref. 108262 = 2403°31— 8.x, or 10834.x = 2403°31, 
and hence r=‘2218 inch=2 of an inch nearly, or the recoil 
of the gun is less than a quarter of an inch. 3 


Hence it may be concluded, that so small a recoil, straight 
' backwards, can have no effect in causing the bail to deviate 
from the pointed line of direction: and that it is very pro= 
bable we are to seek for the cause of this effect in the ball 
striking or rubbing against the sides of the bore, in its pass 
sage through it, especially near the exit at the muzzle; by 
which it must happen, that if the ball strike against the right 
side, the ball will deviate to the left; if it strike on the left 
side, it must deviate to the right; if it strike against the un- 
der side, it must throw the ball upwards, and make it to range 
farther; but if it strike against the upper side, it must beat 
the ball downwards, and cause a shorter range: all which 
irregularities are found to take place, especially in guns that 
‘have much windage, or which have the balls too small for 
the bores 


¥2 
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PROBLEM V. 


A Ball of Lead, of 4 inches diameter, being dropped from 
the top of a tower, of 65 yards high, falls into a cistern full of 
water at the bottom of the tower, of 204 yards deep: tt ts re~ 
quired to determine the times of falling, both to the surface 
and to the bottom of the water. 


The fall in air is 195 feet, and in water 603 feet. By the 
common rules of descent, as 16 : ./195::17:4./195 = 
3°49 seconds, the time of descending in air. And as 4/16: 
/19$:: 32 :8,/195=111°71 feet, the velocity at the end 
ef that time, or with which the ball enters the water, 


Again, by prob. 22 of vol. 2, art. 2 of the Course, the space 


s= = *x nye si of — ot OF IDES x hyp. log. of 


2b 


and e* greater than a)= 


™ x x com, log. Seite: -» Where W = 11325 the density of 
dead, n = 1000 chat ‘RSet se ERRAND) Beco serie 


on Bd 
111°71 the velocity at entering the water, and v the velocity 


at any time afterwards, also d the diameter of the ball = 4 
inches, and m = 2°302585 the hyp. log. of 10. 
Hence then nN = 11325, m = 1000, N —n = 10325, d = 


4 | A dst 256d(n—n) 256 . 10325 
a ny > ‘ SS eee. Se z — 
z= then a Sa Ne 29s and’ bd = 


Sn _n 9000 CE foe ie 
Sdn ~~ 8% — 90000 ~ i Be AHS BOS ed | 


therefore s = 603 = > x log. of —" = 5m x log. 5 = 


<<" 


This theorem will Tite s when »v is given, and by reverie 
it will give v im terms of s in the fallow; Pe Manner. 


Dividing by 5 gives — — = log. of = —— = ns, by putting 

‘ — 
nm = —; therefore, the ane rene is 10" = “=. 
5m v?— @ 7 


‘ 2 = ee —a { 
2 ae ; 
hence v* — a = —; —“,andv = ¥(a+ Iga)» Which, by 


substituting the numbers above mentioned for the letters, 
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gives v = 17°134 for the last velocity, when the space s = 
603, or when the ball arrives at the bottom of the water. 


But now to find the time of passing through the water, 
putting ¢ = any time in motion, ands and v the correspond- 
ing space and velocity, the general theorem for variable forces 

: ; 1 
givest = zi But the above general value of s being == x 
e— a ei—a ' e - 
=, or 5 x hyp. log. ——, therefore its fluxion 


. 


hyp. log. 


yp? 


—10va S — 10% 
—, consequently, ¢ or ~ = —) the correct fluent 


vie 


Ss = 
v2— 


: aa e— ft Vt fa, _ . “a: 
of which is Ti x hyp. log. ea x riyat = ¢ the time, 
Which when v = 17°134, or s = 603, gives 2°6542 seconds, 


for the time of descent through the water. 


PROBLEM VI. 


A person standing at the distance of 10 feet from the bot-- 
tom of a wall, which ts supposed perfectly smooth and hard, 
desires to know in what direction he must throw an elastic ball 
against it, with a velocity of 80 feet per second, so that, after 
reflection from the wall, it may fall at the greatest distance pos- 
sible from the bottom, on the horizontal plane, which is 21 feet 
below the hand discharging the ball? 


In the annexed figure let pr 
be the wall against which the 
ball is thrown, from the point 
‘A, in such a direction, that it 
shall describe tke parabolic 
curve AE before striking the wall, and afterwards be so re- 
flected as to describe the curve Ep. Now if &s be the tan- 
sent at the point , to the curve ax described before the re- 
flection, and EF the tangent at the same point to the curve 
which the ball will describe after reflection, then will the an- 
gle REF be = ces; and if the curve pg be produced, so as 
to have Gr for its tangent, it will meet ac produced in B, 
making pe = ac, and the curve ag will be similar and equal 


526 MISCELLANEOUS TRACT 38, 


to the portion BE of the parabola pep, but turned the con- 
trary way. Conceiving either the two curves aE and EP, 
or the continued curve BEP, to be described by a projectile 
in its motion, it is manifest that, whether the greater portion 
of the curve te described hefire or after the ball reaches the 
wall pr, will depend on its initial velocity, and on the dis- 
tance Ac or_-nc, and on the angle of projection. The pro- 
blem then is now reduced to this, viz, Vo find the angle at 
which a ball shall be projected from B, witha given impetus, 
so that the distance pp, at which it Fala from the given point 
p, on the plane pp, parallel to the horizon, shall be a maxi- 
mum. | 

Now this problem may be 
constructed in the following 
manner: From any point E 
in the horizontal line pe, 
let fall the indefinite perp. 
EG, on which set off eB = the 
impetus corresponding to the given velocity, and Br = 24 
the distance of the horizontal plane below the point of pro- 
jection; also, through 1 draw ap parallel to pc. From the 
point B set off BP = BE + Er, and bisect the angle EBP by 
the line pH: then will pu be the required direction of the 
ball, and 1p the maximum range on the plane Ap. 
_ For, since the ball. moves from the point 8, with the velo- 
city acquired by falling through xp, it is manifest, from p. 
156 vol. 2 of the Math. Course, that pc is the directrix of 
the parabola described by the ball. And since both 8 and p 
are points in the curve, each of them must, from the nature 
of the parabola, be as far from the focus as it is from the di- 
rectrix ; therefore B and p will be the greatest distance from 
each other when the focus F is directly between them, that 
is, when pp = BE + cp. And when Bp is a maximum, since 
BI is constant, it is Obvious that 1p isa maximum also. Fur- 
ther, the angle FsH being = EBH, the line BH Is a tangent 
to the parabola at the point B, and consequently it is the di- 
yection necessary to give the range IP. 


IP aes 


G 
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Cor. 1. When s coincides with 1, 1p willbe = Bp = BE 
+ EI = 201, and the angle eu will be 45°; as is also ma- 
nifest from the common modes of investigation, 


Cor. 2. When the impetus corresponding to the initial 
velocity of the ball is very great compared with ac :or Bc 
(fig. 1), then the part ae of the curve will very nearly coin- 
cide with its tangent, and the direction and velocity at a may 
be accounted the same as those at © without any sensible 
error. In this case too the impetus BE (fig. 2) will be very . 
great compared with p1, and consequently, 8 and 1 nearly 
coinciding, the angle eBxH will differ but little from 45°. 


Calcul. From the foregoing construction the calculation 
will be very easy. Thus, the first velocity being 80 feet = v, 


80x80 __ | 
Sa — 99-48186 


= BE the impetus; hence rr = Fp = 101-98186, and pp = 
BE + EI = 201°46372. Now, in the right-angled triangle 
Bip, the sides Br and sp are known, hence 1p = 201°4482, 
and the angle 1Bp = 89° 17’ 20”; half the suppl. of this angle 
is 45° 21’ 20” = EBH. And, in fig. 1, 1p — 1p = 201°4482 
— 10 = 191+4482 = pp, the distance the ball falls from the 
wall after reflection. , 7 


then (vol. 2 pa. 156 of the Course) = 


PROBLEM Vii. 


From what height above the given point a must an elastic 
bali be suffered to descend freely by gravity, so that, after 
striking the hard plane at 8, it may be reflected back again, to 
the point a, in the least time possible from the instant of drop- 
ping wt 2 


AB =a; then},/cB=4¥(a-+2) is the time in ca, 

and 47cA= iv is the time in ca; therefore 74 
1/(a+x) — +x is the time down as, and the time 
of rising from B to A again: hence the whole time of 
falling through cp and returning to A, is $V (a+ 2) 
—3¥V x, which must be a.min. or 2,/(a+2) — 4/2 aminimuin, 


Let c bethe point required; and put ac = 2, and | 


B 
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in fluxions Jats) ~ Wwe =% and hence r= $4, that is, 


AC = 4AB8, gives the point c fallen from. 


7 
* PpRORBLEM VIII. 


A cylinder of wood is depressed in water till rts top ts just 
level with the surface, and then is suffered to ascend; it 1s re- 
quired to determine the greatest altitude to which it will rise, 
and the other circumstances of its motions. 


Let a = the length, and 6 the area or base of the cylinder, 
m its specific gravity, that of water being 1, also a— x 
any variable height through which the cylinder has ascended, 
or x being the part still immersed in the water. Then bx is the 
mass and force of the water upwards to raise the cylinder ; 
anda x b x m= abmis the weight of the cylinder opposing 
its ascent; therefore the motive force to raise the cylinder 
is br—abm; also, the mass of the cylinder being abm,and 
that of the displaced water bz, the whole matter in motion is 


bx + abm; by which dividing the motive force, we have 
br=—alm _— «— am 


peal ht =f the accelerating force. Then the well 
br + abm r+ am 


known theorem vv = 32 f: — %, gives vv = 32%.—-— , v be- 
am + & 
ing the velocity; and the correct fluent is v* = 64 (a — a2 + 
am + @ ' 
2am x hyp. log. of — = )and hencev=8,/(a—2—2amx hl. 


am + a 


——) the general state of the velocity when the part z is 


immersed, or when the part a — x is out of the water. 

Now when the velocity arrives at its greatest state, by the 
opposite forces bx and abm becoming equal, then 2 = am, or 
1: m::a:2, that is, the whole length is to the part immersed, 
as the specific gravity of the fluid is to that of thecylinder. And 
if the latter be equal to half the former, which is nearly the case 
of fir timber, then 2 = 3a when the velocity is at the greatest. 
And the quantity of the greatest velocity is then equal to 
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7-786 feet per second nearly, taking 10 feet for the length of 
the cylinder. 

After this state, the resistance gradually increasing more 
and more over the urging force, the velocity always decreases 
till it quite ceases, and the body becomes for an instant sta- 
tionary. In that case the above expressiom for the velocity 


v becomes equal to 0, which consequently gives a—v = 2am 


a 


x h.l. : for the part out of the water when the motion 


am + 
am + 
ceases. Or if m=} as before, and the length of the cy- 
linder be a = 10 feet for instance, the last equation becomes 


10'-ae = 10'x bili 2 
5 +2 


a = 1; very nearly, or 8} feet of the cylinder is out of the 
water when the upward motion ceases. a 

After the cylinder hasarrived atits greatest height 83, where 
the upward motion ceases, the cylinder descends again to the 
same depth as at first, after which it again returns ascending 
as before; and so on, continually playing up and down to 
‘the’same highest and lowest points, like the vibrations of a 
pendulum, the motion ceasing in both cases in a similar man- 
ner at the extreme points, then returning, it gradually acce- 
lerates till arriving at the middle point, where it is the 
greatest, then gradually retarding all the way to the next 
extremity of the vibration, thus making all the vibrations in 
equal times, to the same extent between the highest and 
lowest points, except that, by the small tenacity and friction 
&c, of the water against the sides of the cylinder, it will be 
gradually and slowly retarded in its motion, and the extent 
of tiie vibrations decrease til! at length the cylinder, like the 
pendulum, come to rest in the middle point of its vibrations, 
where it naturally floats in its quiescent state, with the part 
am or half its length above the water. 


, and the root of this equation is 


530 MISCELLANEOUS TRACT 38, 


PROBLEM IX. 


Required to determine the quantity of matter in a sphere, 
the ate varying as the nth power of the distance from the 
centre ¢ 


Let r denote the radius of the sphere, d the density at its 
surface, @ = 3'1416 the area of a circle whose radius is 1, 
and x any distance from the centre. Then 4az* will be the 
surface of a sphere whose radius is 2, which may be consi- 
ers by expansion as generating the magnitude of the solid ; 

therefore 4ax*% will be the fluxion of the magnitude ; but 


da” 
wr: 2"::d: > the density at the distance x, therefore 


da* __ 4ad 
40278 X = = : = = = the fluxion of the mass, the fluent 


n+3 
4adr3 
of which “=— ape when 2 = 1, is ane, 


(n+ 


matter in the whole sphere. 


Corol. 1. The magnitude of a sphere whose. radius is r, 
being 4a73, which call m; then the mass or solid content will 


the quantity ofthe 


+3 . 
Corol.2. It having been computed, from actual experi- 
ments, that the medium density of the whole mass of the 
earth is about * times the density d at the surface, we can 
now determine what is the exponent of the decreasing ratio 
of the density from the centre to the circumference, sup- 


posing it to decrease by a regular law, viz, as x’; for then it 


will be? d = am and hence nm =.— 4. So that, in this 


3d ats aoe 
be —— x m, and the mean density is —. 
n+3 n 


+3? 


A ox 1 . : 
case, the law of decrease is as x*, or as —, that is, in- 


x? 


versely as the + power of the distance from the centre. 
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PROBLEM X. 


Required to determine where a body, moving down the conver 
side of a cycloid, will fly off and quit the curve. 


N34 


Let AvEB represent the cy- 
cloid, the properties. of which 
may be seen at arts. 146 and 147 
vol. 2 of the Course, and vpcits A C BEG 
generating semicircle. Let £ be the point where the motion 
commences, whence it moves along the Curve, its velocity 
increasing both on the curve, and also in the borizontal di- 
rection pp, till it come to such a point, F suppose, that the 
velocity in the latter direction is become a constant quan- 


tity, then that will be the point where it will quit the cycloid, 


and afterwards describe a parabola re, because the horizon- 
tal velocity in the latter curve is always the same constant 
quantity, by art. 76 vol. 2 of the Academy Course. 

Put the diameter ve=d, vu=a, vi=v; then vo>=Wdr, 
and 1p = 4/(dv — x’). Now the velocity in the curve at Fr, 
in descending down zr, being the same as by falling through 
HI or x—a, willbe = 8yv(v — a); but this velocity in the 
curve at F, is to the horizontal velocity there, as vp to 1p, 


because vn is parallel to the curve or to the tangent at F, 
that is ./dv v4/(dr—2")::87Y(v—a): en, 
which is the horizontal velocity at F, where the body is sup- 
posed to have that velocity a constant quantity; therefore 
also W(v —a) X V(d — xv), as well as(x — a) X (d -— 24) = 
ax-+-dx—ad—.x* is aconstant quantity, and also av-+-dax — 2°; 
but the fluxion of a constant quantity is equal to nothing, 
that is ax + dx-—2rx=O0=a+ d—2a, and hence r= 3a+id 
=v1, the arithmetical mean between vu and ve. 

If the motion should commence at v, then x or vt would 


be = id, and 1 would be the centre of the semicircle. 


# 
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PROBLEM XI. 


Lf a body begin te move from a, with a given velocity, along 
the quadrant of a circle aw; it ts required to show at what 
point it will fly off from the curve. 


; 


Let p denote the point where the 
body quits the circle aBpD, and then de~ 
scribes the parabola pz. Draw the or- 
dinate pF, and let Ga be the height pro- 
ducing the velocity ata. Put Ga = a, 
AC or CD=?r, AF=.2; then the velocity 
in the curve at p will be the same as 
that acquired by falling through GF or a 4- x, which is, as 
before, 8V/(a@ + x); but the velocity in the curve is to the 
horizontal velocity as px to mn or as cp to cF by similar tri- 
angles, that Is, as rir — ::8V(#% 4 a): 8V\a + a) x 


T— x 


, which is to be a constant quantity where the body 
leaves the circle, therefore also (r — x) 4/(x +a) and (r— x) 
x (+a) a constant quantity; the fluxion ef which made to 
vanish, gives a A = AF. 

Hence, if z=0, or the body only commence motion at a, 
then 2 = 47, or aF =+4ac when it quits the circle atp. But 
if ¢ or GA were = Er or Lac, then 7 — 2a = 0, and the body 
would instantly quit the circle at the vertex a, and describe 
a parabola circumscribing it, and having the same vertex A. 


PROBLEM XII. 


The force of attraction, above the earth, being inversely as 
the square of the distance from the centre ; wt 1s proposed to de- 
termine the time, velocity, and other circumstances, attending 
a heavy body falling from any given height; the descent at the 
earth’s surface being 167, feet, or 193 inches, in the first se- 
cond of time. 
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Put 
= cs the radius of the earth, A 
= ca the dist. fallen from, B 
= cp any variable distance, 
= the velocity at p, 
= time of falling there, and 
16,4, half the veloc. or force at s, 
= the force at the point Pp. 


“tg es © HAS 
i 


Then we have the three following equations, viz. 


z . 
z*:97*::1:f=— the force at p, when the force of gra- 
a? 
vity is considered as 13 
tv = — #, because x decreases; and 
° 37 
vO = — 29fe = — . 


' 4gr? 
The fluents of the last equation give v* = =, But when 
x= 4, bie Mapehe v = O; therefore, by correction, v? = 
4 
v= V/( e 
‘expression for the fed at any point # P. 


x <=) ,a general 


When x = 1, this gives v = ./(4g7r x —) for the great- 
est velocity, or the velocity when the body strikes the 
earth. | 

When a is very great in respect of 7, the last velocity be- 
comes (1 — =) x 4gr very nearly, or nearly ./4gr only, 
which is accurately the greatest velocity by falling from an 
infinite height. And this, when 7 = 3965 miles, is 6:9506 
miles per second. Also, the velocity acquired in falling from 
the distance of the sun, or 12000 diameters of the earth, 
is 6°9505 miles per second. And the velocity acquired in 
falling from the distance of the moon, or 30 diameters, is 
68927 miles per second. 

Again, to find the time; since ty = — #, therefore 
é Bich z oie a — 2% 

4 4gr? afk — 12 
gives ¢ = Vga X (fax — rx + are to diameter a and 
vers. d -- #); or the time of falling to any point Pp = 


; the correct fluent of which 


fe Bene we 
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I a : 
= Ms x (AB + BP) And when x = 7, this becomes’ 


we iV X AD+Ds 
‘ns at 83 reich is evidently. infinite when a or ac is infi- 
nite, though the velocity is then only the finite quantity 
/ 427. 

When the height above the earth’s surface is given = g; 
beeause 7 is then nearly = a, and ap nearly = ps, the time 
¢ for the distance g will be nearly - - - - - = -'- 
We x 2ps = Narre x W4gr = 1", as it ought to be. 

If a body, at the distance of the moon at 4, fall to the 
earth’s surface at s. Then r = 3965 miles, @ = 607, and 
t= 416806" = 4 da. 19 h. 46’ 46”, which is the time of 
falling from the moon to the earth 

When the attracting body is i as a Pou c; the 


for the whole time of falling to the sur- 


whole time of Aocouning to.c will be. ee HO 
1 a *7854a 10a "7854 
ar sp x ABDC. = Tio = Ae ser J — 


Hence, the times employed iy Lalit in is from 
quiescence to the centre of attraction, are as the square 
roots of the cubes of the heights from which they respect- 
ively fall. 

PROBLEM XIII. 


The force of attraction below the earth’s surface being di- 
rectly as the distance from the.centre; uw ts proposed to deter- 
mine the circumstances of velocity, time, and space fallen by a 
heavy body from the surface, through a perforation made 
straight to the centre of the earth; abstracting from the effect 
of the earth’s rotation, and supposing ut to be a homogeneous 


sphere of 3965. mules radius. 


Put 7 = ac the radius of the earth; | in 
x = cp the dist. from the centre, F » 
wv = the velocity at P , , 
by ? C \e 


¢ = the time there, 
g = 164, half the force at a, 
- f = the force at p. 
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Then ca:cp::1:/3 and the three equations are rf = 7, 
. . . v 
and vy = — 2efx, andtv=—.%. Hencef= ay and vv = 


— err 


2 : y2—a? 
3 the correct fluent of which gives v = J (28 ite ) 


= PD ve = PD// =, the velocity at the point P; where pp 
and CE are perpendicular to ca. So that the velocity at any 
point P, is asthe perpendicular pp at that point. 

When the body arrives at c, then v = \/2gr = »/ (2g-AC) 
= 25950 feet or 4°9148 miles per second, which is the great- 
est velocity, or that at the centre c. 


Again, for the time, ¢ = a = Vz x ss) aukthe 


fluents give ¢ = V5. xX arc to cosine — = Von JX arc AD, \ 


So that the time of descent to any point P, is pe the corre- ‘ 
sponding arc AD. ; 


" 


Reed P arrives at c, the above becomes ¢ “|. 
Vv xX quadrant AE = Ve == 1°5108 Vx 12672 ‘se 
conds = 21’ ee U9) the Cine of falling to the centre c. 


The ne of falling to the centre is the same Woantity Y 
be 708 V — , from whatever point in the radius ac Se 
begins to pares. For let n be any given distance from c at 
which the motion commences: then, by Sa et aa v= 


26 1 2\7. i pple r 
v [—(n?—x*)]; and hence ¢ = v 55% WGraaay? the fluents 
of which give f = /— x arc to cosine — ; which, when 
2g n 


v= 0, gives ¢ = pe x quadrant = 1°5708 hr for the 
time of descent to the ener c, the same as Betorens 


As an equal force, acting in contrary directions, generates 
or destroys an equal quantity of motion, in the same time ; 
it follows that, after passing the centre, the body will just 
ascend to the opposite surface at B, in the same time in 
which it fell to the centre from a; then from pz it will retarn 
again in the same manner, through c to a; and so vibrate 
continually between a and B, the velocity being always equal 
at equal distances from c on both sides; and the whole time 
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of a double oscillation; or of passing from A and arriving at 
A again, will be quadruple the time of passing over the ra- 
dius Ac, or = 2 x S416 / -- = {1 24’ 29". 


PROBLEM XIV. 


To find the Tinie of a Pendulum vibrating in the Arc of 4 
Cycloid. 


Let s be the point of suspénsion, 

sa = the arc sz or sc the length of the pendulum, 

CA = AB = sz or sc the semi-cycloid, 

Ap = ps the diameter of its generating circle, to which 

FKE, HIG are perpendiculars. 

To any point @ draw the tangent Gp, also draw Ga parallel 
and Pe perpendicular to ap. Then p6-is parallel to the 
chord ar by the nature of the curve: And, by the nature 
of forces, the force of gravity: force in direct. GP :: GP: 
GQ::Al:AH::AD: AT; in like manner, the force of grav. 
: force in curve at E:: AD: AK; that is, the accelerative 
force in the curve, is as the corresponding chord at or AK of 
the circle, or as the arc aG or aE of the cycloid, since aG is 
alwavs = 2at. So that the process and conclusions for the 
velocity and time of describing any arc in this case, will be 
the same as in the last problem, the nature of the forces be 
ing the same, viz, as the distance to be passed over to the 
Jowest point a. 


From which it follows, that the time of a semi-vibration; 
in all arcs, ac, aE, &c, is the same constant quantity 
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15108 / ge = S708 = 15708/5-, and the time of a 
whole vibration from B to c, or from c to B, is S14167 —, 
where ? = as = apis the length of the pendulum, g=16,:. 
feet, or 193 inches, and 3°1416 the circumference of a circle 
whose diameter is 1. 

Since the time of a body’s falling by gravity through 4/, 
or half the length of the pendulum, is Vey which being in 
proportion to S146Y =, as 1 to 31416; therefore the di- 


ameter of a circle is to its circumference, as the time of fall- 
ing through half the length of a pendulum, to the time of 
. one vibration, | Bi 
If the time of the whole vibration be 1 second, this equa 


: : Whip 2 ees U ad 28) als & 
tion arises, 1” = $ 1416/5 and hence 7 = 314162 — 49348" 
and g = 3:1416? x 37 = 4°9348/. So that if one of these, 
or /, be given by experiment, these equations will give the 
other. .When g, for instance, is supposed to be 16, feet, 


° . Da & ttt c ; 
or 193 inches, then is 7 = osig = 39°11 the length of a 


pendulum to vibrate seconds. Or if 2 = 392, the length of 
the seconds pendulum for the latitude of London, then is 
§ = 4°9348/ = 19307 inches = 1644°%, feet, or nearly 16,4, 
feet, for the space descended by gravity in the first second. - 
of time in the latitude of London, also agreeing with experi- 
ment. ia 

Hence the times of vibration of pendulums, are as the 
square roots of their lengths; and the number of vibrations 
made in a given time, reciprocally as the square roots of the 
lengths. And hence also, the length of a pendulum vibrating 
” times ina minute, or 60’, is 7 = 39.0" x — ts} 


7m é 
When a pendulum vibrates in a circular are, as the length 


of the string is constantly the same, the time of vibration will 
be longer than in a cycloid ; but the two times will approach 
nearer together as the circular arc is smaller; so that when 
it is very small, the times of vibration will be nearly equal, 
And hence 392 inches is the length of a pendulum vibrating 
seconds in the very small are of a circle, 

VOL, Ill. Ze 
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PROBLEM XV. 


To find the Velocity and Time of a heavy Body descending 
down the Arc of a Circle, or vibrating in the Arc by a Line 
fixed tn the Centre. 


Let p be the beginning of the descent, c 
the centre, and a the lowest point of the cir- 


cle; draw pE and pa perpendicular to ac. a 4 
Then the velocity in p being the same as in \ Q 
a by falling through za, it will be om2y (g re 


x EQ) = 8,/(a — x), when a = AE, x = Aa. 
° Sin. a4 —AP fea. T# 
But the flux. of the time ¢ is = ——, and ap = Tana) 


y =the radius ac. Theref. eS #6 ate am thes a ik 
W here Tr 8 x A (2ra— 4%?) x of (a -2) 
x 


to. — i —va ,, 
eee te a Sea ee pal ccah Ie LE — pe 

Ai AS Soest ' a/(ax =x") x Wi-=) 
where d = 2r the diameter. 


act del 1 . 32? re 3. 5x3 
Ort= “16 X Haale x?) Qi rag 2d + a ae 4a: 2.4, 2.4.60 &°); 


by developing 4/(1 — —)i in a series. 


. Shes) : - 
But the fluent of is — x arc to radius 3a and 


Fs 
/ (ax — 2?) 
ds ala : Q2 . 
vers. x, or it is the arc whose rad. is 1 and vers. —: which 


eall a. And let the fluents of the succeeding terms, without 
the coefficients, bes,c,pD,£, &c. Then will the flux. of any 


one, as @, at n distance from a, be @ = 24 = xp, which 

suppose also = the flux. of be — dx” * v (ax — x”) = bp — 
= 1)e0"-2 \/(ax — 2°) — dix’? Sa it. 

d(n — 1)xx /(ax — x”) — dix x Wane) = bp 


A (n—Z)ax™—* — nx" 
dex A (ax— x?) 
mee by equating the coefficients of the like terms, 


= bp — dn — Lap + dnp. 


Pe Ne ast 1 a} and a= (@n — 1)ap — a = al 

Which being tia) the fluential terms become ais x 
1 aa—2,/(ax — x?) 1.3 © 3aB — 2/(ax — 2°) 

i —_ A as @di ee ae — PP eet uF a re = 
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13.5 5ac —22?2,/(ax —2) | * 1 
214,608" or torr eel} 8 Or the same fluents will be 


found by art. 32, pa. 238, vol. 3 of the Course. 


3:14164/d 
But when x = a, those terms become barely ——-—— x 
2 2 9292 12, 32 5293 ry 5 
(— 1 carted Sit wh Rab &c); which being sub- 


Q2d 92. 42g? «92, 42, G2d3 ; 
tracted, and x taken = 0, there arises for the w hole time 


of phe al ait rhe or the corrected value Obs sue 
S14164/d . 3%a2 12. 82, 52a 

16 ote sa Q2d ane mae + leo * ic). 

When the arc is small, as in the vibration of the pendu- 
lum of a clock, all the terms of the series may be omitted 


after the second, and then the time of a semi-vibration ¢ is 


nearly = STR: x (1 + =): And theref. the times of 


vibration of : a pendulum, in different ares, are as 87 + a, or 
8 times the radius added to the versed sine of the are. 

If p be the degrees of the pendulum’s vibration, on each 
side of the lowest point of the small arc, the pidius being 7, 
the diameter d, and 3°1416. = p; then is the. length of that 


d e 
arc A == a But the versed sine in ‘ter ms of the arc 
. a? A? 
isa == a + &= us op tke. Therefore 
a pd A? UV : pp? 
Wet age a = Fi ~ 3.607 + &, or only. = oF 
the first term, by rejecting all the eit of the terms on ac- 
: 9 
count of their smallness a Bees} j 
Yr 7S > nearly = ast «os 
value then being substituted for — or a in the last near 
rT 
15108 
value of the time, it becomes ¢ = S61 he anaes) 
4 sa 


nearly. And therefore the times of erat in different 
small arcs, are as 52524 + p*, or as 52524 added to the 
square of the number of degrees in the arc. @! 


Hence it follows that the time lost in each pechach by vi- 
brating in a circle, instead of the cycloid, ig vs SOOT me and con- 


sequently the time lost in a whole day of 24 hours, or 24 x 

_60 x 60 seconds, is $p* nearly. In like manner, the seconds 

Jost per day by vibrating in the arc of A degrees, is $A°. 
Z2 
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Therefore, if the Pendulum keep true time in one of these 
arcs, the seconds lost or gained per day, by vibrating in the 
other, will be’ $(p* — A?). So, for example, if a pendulum 
measure true time in an arc of 3 degrees, it will lose 114 se- 
conds a day by vibrating 4 degrees; and 264% seconds a day 
by vibrating 5 degrees; and so on. 

And in like manner we might proceed for any other curve, 
as the ellipse, hyperbola, parabola, &c. 


PROBLEM XVI. 


To determine the Time of a Body descending down the Chor 
*. 


of a Circle. 


Let c be the centre, AB the vertical dia- 
meter, AP any chord down which a body is 
to descend from P to a, and ra perpendicu- 
lar to as. Nowas the natural force of gra- 
vity in the vertical direction Ba, is to the 
force urging the body down the plane pa, 
as the length of the plane ap, is to its height aa; therefore 
the velocity in pa and aa, will be equal at all equal per- 
pendicular distances below pa ; and consequently the 
time in PA: timein@a:: PA: QA::BA: PA; but 
time in BA: time in @A:: WBA: WQA:: BA: PA; 
hence, as three of the terms in each proportion are the same, 
the fourth terms must be equal, namely the time in BA = 
the time PA. 

And in like manner the time in pp = the time in BA. So 
that, in general, the times of descending down all the chords 
BA, BP, BR, BS, &c, or PA, RA, SA, &c, are all equal, and 
each equal to the time of falling freely through the diame- 
ter. Which time Is ,/ = , where g = 16+}, feet, and 7 = 
the radius ac; for ./g:/2r:: 1": J=. 

Scholium. By comparing this with the results of the two 
preceding problems, it will appear that the times in the cy- 


~ 
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%: 
cloid, and in the are of a circle, and in any chord of the cir- 
cle, are respectively as wii three quasi 


iAe — &e, and —— 75 


or nearly as the three Lae 1, li-+- =; 1:27324; the 
first and last being constant, but the middle one, or the time 
in the circle, varying with the extent of the are of vibration. 
Also the time in the cycloid is the least, but in the chord the 
greatest ; for the greatest value of the series, in prob. 15, 
when a = 7, or the are ap is a quadrant, is 1°18014; and 
in that case the proportion of the three times is as the num- 
berg 1, 1°18014, 1°27324. Moreover the time in the circle 
approaches to that in the cycloid, as the are decreases, and 
they are very nearly equal when that are is yery small. 


PROBLEM XVII. 


To find the Time and Velocity ofa Chain, consisting of very 
small links, descending from a smooth horizontal plane; the 
Chain being 100 inches long, and 1 inch of it hanging off the 
Plane at the commencement of Motion. 


Put a = 1 inch, the length at the beginning ; 
i = 100 the whole length of the chain; 
x = any variable length off the plane. 


Then x is the motive force to move the body, 


and ~ = f the accelerative force. 


Pere yet, to. ao . _ 2gxe 

Hence wv = 2efs= 2g X —- Xe =. 

The fluents give &° = -. ei wv = 0 when x =a, 
theref. by correction, 0* = 2g x ~ va and v= (28 x=") 
the velocity for any length x. said mm A chain just 
quits the pas x = 1, and then the greatest velocity is 

1002—12 386 x 9999 
Wes x —“\= = V(2 x 193 x = — = V5 = 


196°45902 inches, or 16°371585 feet per second. 


342 ~ MISCELLANEOUS TRACT 38. 


“6 de dss: Die y é 
Again ¢ or — = ee x ee the correct fluent of 


. . L 22 <<. 2) * 
which ist = “> xX log. —— of ~, the time for any 
4 a 


length z_ And when x = J = 100, it ist = V ae x log. 

100 + 4/9999 
“Lae 

chain just quits the piane. 


= 2°69676 seconds, the time when the last of the 


PROBLEM XVIII. 


Lo find the Time and Velocity of a Chain, of very’ small 
Links, quitting a Pulley, by passing freely over ut: the whole 
Length being 200 Inches, and the one End hanging 2 Inches 
below the other at the beginning. 


Pat'ai= 2, / =. 200, per x= BD any variable <A 
difference of the two parts ABs ac. Then 
~ = f,and vv or 2gfs = 2g.— ; . = 


: xt — a? c] 4D 
Hence the correct fluent is o* = g Xx — —, and 


—q? . 
=), the general expression for the 


a 
vm VW(g xX 
velocity. And when zr = 7, or when c arrives at A, it is 


[2 ~ a? 200222 100?—12 
v= WV(g x y= V(193 xX or pe a / (386 x —— 750 —— )= 
of OO = 19645902 inches, or 16°371585 feet for the 
greatest velocity when the chain just quits the pulley. 

Ray s Z L z 
Again, ¢ or i = a = We x Hamas). And the core 
I+ a/(x?— a?) 


rect fluent is ¢ = ve x log. . the general ex- 


pression for the time. And when x = J, it becomes ¢ = 


t Lt f(—a?) _ 200 200 + ,/(200? — 23) _ 

Ve: tig acie. Vitek See eT 
0+ 4/999 . 

V 5a x | : we = 2°69676 seconds, the whole time 


when the chain just quits the pulley. 


So that the velocity and time at quitting the pulley in this 
prob. and the plane in the last prob. are the same; the dis- 
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tance descended 99 being the same in both. . For, though the 
weight 7 moved in this latter case, be double of what it was 
in the former, the moving force x is also double, because 
here the one end of the chain shortens as much as the other 
end lengthens, so that the space descended 3x is doubled, 


. zr . 
and becomes 2; and hence the accelerative force > or Fis 


the same in both; and of course the velocity and time the 
same for the same distance descended. 


PROBLEM XIX. 


To find the Number of Vibrations made by two Weights, 
connected by a very fine Thread, passing freely over a Tack. 
or a Pulley, while the less Weight is drawn up to it by the de- 
scent of the heavier Weight at the othen End. 


Suppose the motion to commence at equal dis- 
tances below the pulley at B; and that the weights 
are 1 and 2 pounds. 

Put a = as, half the length of the thread ; 

b = 39Linc. or 324 feet, the second’s pahid: 
x = BW = BW, any space passed over; 
z = the number of vibrations. ! 


Then — = f = 2 is the accelerating force. And hence 
vor W4gfs = V/ 48/2, and ¢ or — = Wir But, by the 


nature of pendulums, ,/(atx): Y6:: 1 vibr. : Vv the 
vibrations per second made by either weight, namely, the 
longer or shorter, according as the upper or under sign is. 
used, if the threads were to continue of that length for 1 
second. Hence then, as 
6 & 
Wits: yaoi e sive = VEX Tania) 

the fluxion of the number of vibrations, 


Now when the upper sign + takes place, the fluent is 


= eae oc CD a GP a + 2x + 2,/(ax + x?) 
z= 2/7 7X i. “A =v ayX |. a 


¢ 
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| b 
And when x = a, the same then becomes z = V og * log. 


3b dy . i ad ai 
1+ f2=7= X log. 1 + f/2= v7 2c eon 


*688511, the whole number of vibrations made by the de- 
scending weight. ; 
But when the lower sign, or — , takes place, the fluent is 


2x P 
Se = arc to rad. 1 and vers. —. Which, when x = 4, 


3 x 594 3°1416 117% 
gives pV gz = 31416 x Vz 108 sea OMET WRT V 55 


1°227091, the whole number of Pritions made by the lesser 
or ascending weight. 


Schol. It is evident that the whole number of vibrations, 
in each case, is the same, whatever the length of the thread 
is. And that the greater number is to the less, as 1°5708 to 


the hyp, log. of 1 + W2. 
Farther, the number of vibrations performed in the same 
time ¢, by an invariable pendulum, constantly of the same 


length a, is vs = *781190. For, the time of descending 


e Lv ; 
the space @, or the fluent of ¢ = ogi when zr = 4a,is¢ = 
v5 And, by the nature of pendulums, fa: ./b::1 

b naire a 
vibr. : 4 — the number of vibrations performed in 1 second ; 
6 b b 

hence i”: f:: f - 2 tV¥— = Vp the constant number of 
vibrations. fa, 


So that the three numbers of vibrations, namely, of the 
ascending, constant, and descending pendulums, are propor- 
tional to the numbers 1°5708, 1, and hyp. log. 1 + 4/2, or 
as 1°5708, 1, and °83137; whatever be the length of the 
thread, 


PROBLEM XxX. 


To deternune the Circumstances of the Ascent and Descent 
of two unequal Weights, suspended at the two Ends of a Thread 


passmg over a Pulley: the Weight of the Thread and of ihe 


Pulley being considered yr the Solution. 
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Let / = the whole length of the thread ; 
a = the weight of the same ; c(> \B 
6 = aw the dif. of lengths at first ; 
d = w — w the dif. of the two weights; 
¢ = a weight applied to the circumference, 
such as to be equal to its whole wt. and 
friction reduced to the circumference ; 
s = w+w+atethe sum of the weights moved. 
Then the weight of 6 is -, and d — = is the moving force 
at first. But if 2 denote any variable space descended by w, 
or ascended by w, the differénce of the lengths of the thread — 
wili be aitered 22; so that the difference will then be b—2.2, 


: ‘ b—2x ° ‘ 
and its weight ——--a; conseq. the motive force there will be 


d — tan = —, and theref. ——e = /f the ac- 
celerating force there. Hence then vv = Dorp xt 22H Se 
—— ***. the fluents of which give v* = 4g7 x Meade 
or v = 2,/- “ x V(ee+.27) the general expression for the 


, . dl—ab 
velocity, putting é = ——. And when «=, or w becomes 


as far below w as it was above it at the beginning, it is barely 
ida . . . ‘ 
v0 = 2,/— for the velocity at that time. Also, when a, 
the weight of the thread, is nothing, the velocity is only 
24/—, as it ought. 
Ve . S 


Again, for the time, tor—= =iV= Xx sot the 
fluents of which give ¢ = ne x log. +—~ Jet vers athe ge~ 


neral expression for the time of descending any space wr. 


And if the radicals be expanded in a series, and the log. 
of it be taken, ae same ee will become 


b= W- = x Vo —— x (lo +5 ~ &c). 
Which Ase oe oe barely v= when a, the weight of . 
the thread, is nothing, as it ought. 


40¢2 
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PROBLEM XXI. 


To find the Velocity and Time of Vibration of a small: 
Weight, fixed to the middle of a Line, or fine Thread void of 
Gravity, and stretched by a given Tenswn, the Exient of the - 
Vibration being very small. 


D 


Let 2 = ac half the length of the thread ; 
@ = cp the extent of the vibration ; 
x = ce any variable distance from c; 
~ — wt. of the small body fixed to the middle ; 
w = a wt. which, hung at each end of the thread, will 
: be equal to the constant tension at each end, act-- 
ing in the direction of the thread. 


Now, by the nature of forces, az: cE: : w the force in 
direction EA : the force in direction zc. Or, because ac -is 
nearly = Az, the vibration being very smal], taking ac in- 
stead of AE, it Is AC: CE: W: = the force in Ec arising 
from the tension in EA. Which will be also the same for 
that in E8. Therefore the sum is. = the whole motive 
force in Ec arising from the tensions on both sides. Conse- 


2 
quently — = f the accelerative force there. Hence the 


: : : . —4gwrr 
equation of the fluxions vv or 2¢/s = — 


; and the flus. 


4g wx? 


. .  4ewa? 
But when x = a, this is — S“", and should 


2— _----— 
Veer lw ? 


i. <2 
lw 
and hence v = ./(4gw X —) the velocity of the little 


be = 0; theref. the correct fluents are v? = 4gw xX , 


- . "ee ee gw 
body w at any point x. And when x = 0, itisv = 2aV—— 
for the greatest velocity at the point c. ‘ 
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Now if we suppose w = | grain, w = 5lb troy, or 28800 
grains, and 2/ = aB = 3 feet; the velocity at c becomes 
8 x 16,4 x 28800 
aye =,11113a. So that 
ifa =. inc. the greatest veloc. is 9,5; ft. per sec. 
if a = 1 ine. the greatest veloc. is 9232 ft. per sec. 
if ad = 6 inc. the greatest veloc, is 555425 ft. per sec. 
PT EG eels SOM a, Pk -e 0) 
To find the time ¢, it is ¢ o1 = iid % Sem my 
Hence the correct fluent is ¢ = i/ — x arc to cosine ~ and 
radius 1, for the time in pk. ‘And a Hes # = 0, the wikale 


time in pc, or of half a vibration, is *7854,/——; and conseq. 
wé 

loca , l | 

the time of a whole vibration through pd is 15708 4/ —. 


Using the foregoing numbers, namely w = 1, w=28800, 


2 


7 : 111 
and 2/ = 3 feet; this expression for the time gives ati 


= 3533, the number of vibrations per second. But if w=2, 
there would be 250 vibrations per second ; and if w = 100, 
there would be 3525 vibrations per second. 


PROBLEM XXII. 


To determine the same as tn the last Problem, when the 
Distance cp bears some sensible proportion to the Length ap ; 
the Tension of the Thread however being still supposed a 
constant Quantity. . 


Using here the same notation as in the Jast problem, and 


taking the true variable length ak for ac, itis AE or EB: CE:: 
Qwex Qwx 


“az (P48) 


equal tensions w in AE and EB; and theref. = ky TP 
3 - 
J is the accelerative force at z. Theref, the fluxionat equation 


Ow > the whole motive ee from the two 


8wg 


neal 2 a 
Ny TRE and the fluents v? = 


— /(/* + 2’), But when x = a, these are 0 = rg Xo oe 


is vy or 2g $= 


o/ (i? + a*); therefore the correct fluents are v? = 2%% y 
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[Ve +e) — V0 +2))= x (ap— az). And 


hence v = vi x (AD— AE)] the general expression for 
the velocity at E. And when E arrives at c, it gives the 
ereatest velocity there = VL x (ap — Ac)]. Which, 
when w = 28800, w = 1, 2/ = 3 feet, and cp = 6 inches 
or $a foot, is /(8 x 28800 x 16, x “O—)= 5483 feet 
per second. Which came out 555,% in the last problem, by 
using always Ac for AE in the value of f£ But when the ex- 
tent of the vibrations is very small, as 4%, of an inch, as it 
commonly is, this greatest velocity here will be /8 x 28800 
xX 165 X azieo = 9% nearly, which in the last problem 
was 9 5, nearly. 


Swe * [ema + *)] 
making ¢ =*ap = /(/’-+a*). To find the fluent the easier, 
multiply the numer. and denom. both by ¥ [e+ /(?+ 2%], 


so shall t = Son x ein x Vv [e + V (L Ly x*)]. 
Expand now the quantity vie + v(F + 2*)] in a series, 


d —z 
and put d = ¢ + J, so shall i= V = x Zammit a— 


2d +1 +t 4 4d2 + Qdl + (2 40/3 + 8d?/ + Odi + pe 
°— —————- .° &c). Now 


52013 eae _ Roasail! 
the fluent of the first term --——~ Caney set AS the arc to sine “a 
and radius 1, which arc cali a; kad let p, @, be the fluents of 
any other two successive terns, without the coefficients, the 
distance of @ from the first term a ‘being mn; then it is evi- 
dent that @ = 2*p = 2a, and P= “nr *a. Assume theref, 
a = bp = ex” (a? — x”); then is a or 2*P = bp — (2n — 1) 
: . (Qn — 1 )ea2x2*-2% 
alll VA OE — = bp — —______—- 
(2 1) ti ge af (eo — 2") MV (u?—2) a 
N— | ex biol eue"e tA ¥ ° 
Queene ie The er AY oe i oO es 2 9 pS 2 
Wan + an) bp — (2 — 1)ea*P + (2n — 1)ea*P+ 


ex’p = bp — (2n — 1)ea*P + 2nex*P. Then, comparing the 


coefhicients of the like terms, we find 1 = 2en, and 6 = 
2n—1 


nit je 1 
(2n—1)ea; from which are obtained e= 3,» and b= 


Qn — 1)a2p — x27-1,/(a2 — %) 


To find the time, it is ¢ or akg = /— 


0x 2nd 


2, 


Consequently a = on 


\ 
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equation between any two successive terms, and by means of 
which the series may be continued as far as we please. And 
hence, neglecting the coeflicients, putting A= the first term, 
namely, the are whose sine is =, and s, c, D, &c, the follow- 


. wo at, — x,f/(a® — 2?) 
ing terms, the series is as follows, a -—- ———->————_ + 


2n— 73 3. 72 on 2 um 72 
een) y eve =) &c. Now when x = 0, 


this series = 0; and when x = a, the series becomes $p + 
i. 3a4B bat c 


~ + >+-— &c, where p = 3°1416, or the series is 


1.3.56 


i 3 
rp(1 + 4a’ a4 edge g 19:54 &c.) 


d 


D 


So that, by taking in the coefficients, the general time of 
passing over any distance DE will be 


w(c+l) . 4 pe ate Te: 1.3 4 
V ewe % 2X Cotigg ta? Sigg ogo RS) Hare isin, 
x 1 a%a—a2,/(a?— 2?) ad + l 3.a°B — x3 4/(a— x?) ees 
pers Fe he 2 32d%3 * 4, 


And hence, taking v = 0, and doubling, the time of a 
whole vibration, or double the time of passing over cp will 


be equal to 1p V Oe Sj Hach, sab 2" fy comet yeaa 


4d2+%dl4i2 1 3.56 40d3 + 8d?l + 12dl29 +513 1.3.5.7. & 
SS eee bn aetna at e 
12803 °2.4.6 2048d4/7 2. ae a 8 Ce) 


Which, when a = 0, or c = /, becomes only pf, the 
same as in the last problem, as it ought. ( 
Taking here the same numbers as in the last problem, 
viz, ¢ = 4, @=4,,0.— 2, w= 28800, ¢.= 16,4,-;, then 
sp + = -0040514, and the ‘series is 1 + 003762 — 
-000175 - i *000003 & = es eke ; therefore °0040514 x 


1:006590 = ‘0040965 = Ay 
bration, and consequently 245% vibrations are performed in 
a second; which were 250 in the last problem, 


——.is the time of one whole vi- 


ERC 


* 


# 


‘ , * 
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PROBLEM XXIII. 


It ts proposed to determine the Velocity, and the Time of Vi- 
bration, of a Fluid in the Arms of a Canal or bent Tube. 


Let the tube ABcpDEF have its two 
branches ac, GE vertical, and the lower 
part cDE in any position whatever, the 
whole being of a uniform diameter or 
width throughout. Let water, or quick- 
silver, or any other fluid, be poured in, 
till it stand in equilibrio, at any hori- 
zontal line pr. Then let one surface be pressed or pushed 
down by shaking, from B to c, and the other will ascend 
through the equal space re; after which let them be per- 
mitted freely to return. The surfaces will then continually 
vibrate in equal times between ac and rc. The velocity and 
times of which oscillations are therefore required. 


When the surfaces are any where out of a horizontal line, 
as at P and qa, the parts of the fluid in apr, on each side, 
below ar, will balance each other; and the weight of the 
part in pr, which is equal to 2pr, gives motion to the whole. 
So that the weight of the part 2pr is the motive force by 


which the whole fluid is urged, and therefore ne is the 
accelerative force. Which weights being proportional to 

their lengths, if 7 be the length of the whole fluid, or axis of 
the tube filled, and a = re or Bc; then is > the accelera- 
tive force. Putting theref. r=Gp any variable distance, v the 


velocity, and ¢ the time; then pF = a — 2x, and “—" ie 


(ax — vx); 


fy ar] ° 4 
the accelerative force ; hence vv or 2gfs = — 


9 
“ 


the fluents of which give wv 


Vv (4g xX 


at any term. And when = a, it becomes v = 2a,/ =- for 


Ao 
oe = (2ax — 2), and v = 


Qaxr — 


eee, ; 
) is the general expression for the velocity 


the greatest velocity at B and F. 


“am 


« 


} 


_ 
— | ° 
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« 


‘ . . Pi 1 Z 
. - rO - >. came ome Lite — 
Again, for the time, we have ¢ or — = F/ 5) haasienaas) > 


‘ . l . x 
the fluents of which give ¢ = 1”— x arc to versed sine — 
and radius 1, the general Bares for the time. And 


when x = a, it becomes ¢ = 2p v— for the time of moving 


from G to F, p being = 3°1416; He consequently py 
the time of a whole vibration from G to E, or from c to ye 
And which therefore is the same, whatever AB is, the whole 
length Z remaining the same. 


And the time of vibration is also equal to the time of the 
vibration of a pendulum whose length is 44, or half the length 
of the axis of the fluid. So that, if the length 7 be 784 inches, 
it will oscillate in 1 second. 


Scholiuum. This reciprocation of the water in the canal, is 
nearly similar to the motion of the waves of the sea. For 
the time of vibration is the same, however short the branches 
are, provided the whole length be the same. So that when 
the height is small, in proportion to the length of the canal, 
the motion is similar to that of a wave, from the top to the 
bottom or hollow, and from the bottom to the top of the 
next wave; being equal to two vibrations of the canal; the 
whole length of a wave, from top to top, being double the 
length of the canal. Hence the wave will move forward by 
a space nearly equal to its breadth, in the time of two vibra~ 
tions of a pendulum whose Jength is (4/) half the length of 
the canal, or one-fourth of the breadth of a wave, or in the 
time of one vibration of aypendulum whose length is the 
whole breadth of the wave, since the times of vibration are 
as the square roots of their lengths. Consequently, waves 
whose breadth is equal to 394 inches, or 325 feet, will move 
over 323 feet ina second, or 1954 feet in a minute, or nearly 
3 Filer a and a quarter in an hour. sind the velocity of greater 
or less waves will be increased or diminished in the subdu- 
plicate ratio of their breadths, 


~ 
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Thus, for instance, for a wave of 18 inches breadth, as 
/ 395 739522 V18 24 (392 x 18) = 3/313 = 26°537T 
the velocity of the wave of 18 inches breadth. 


PROBLEM XXIV. 


To assign the Velocity with which Water, or other Fluids, 
spouts out from the bottom of a Vessel. 


The velocity with which water runs out by a hole in the 
bottom or side of a vessel, is equal to that which is generated 
by gravity through the height of the fluid above the hole; 
that is, the velocity of a heavy body acquired by falling 
freely through the height as. } 


For, divide the altitude aB into a great 

number of very small parts, each being 1, 
their number a, or a = the altitude az. 

Now, by prop. 61, vol. 2 of the Course, 
the pressure of the fluid against the holes, 
by which the motion is generated, is equal 
to the weight of the column of fluid above it, that is the co- 
Jumn whose height is aB or a, and base the area of the hole 
z. Therefore the pressure on the hole, or small part of the 
fluid 1, is to its weight, or the natural force of gravity, asa 
to 1. But the velocities generated in the same body in any 
time, are as those forces; and because gravity generates the 
velocity 2 in descending through the small space 1, therefore 
1:a::2: 2a, the velocity generated by the pressure of the 
column of fluid in the same time? But 2a is also the velocity 
generated by gravity in descending through a or aB. That 
is, the velocity of the issuing water, is equal to that which is 
acquired by a body in falling through the height as. 


The same otherwise. 


Because the momenta, or quantities of motion, generated 
in two given bodies, by the same force, acting during the 


Ne en ae a a 


4 


* 
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same or an equal time, are equal. And as the force in this 
case, is the weight of the superincumbent column of the 
fluid over the hole. Let the one body to be moved, be that 
column itself, expressed by ah, where a denotes the altitude 
AB, and / the area of the hole; and the other body is the 
column of the fluid that runs out uniformly in one second 
suppose, with the middle or medium velocity of that interval 
of time, which is 40, if v be the whole velocity required. 

Then the mass Zhv, with the velocity v, gives the quantity 
of motion zhu xX v, or thv*, generated in 1 second, in the 
spouting water: also 2g or 324 feet, is the velocity gene- 
rated in the mass ah, during the same interval of one ae coate 

consequently ah x 2g, or 2ahe, is the motion generated in 
the column af in the same time of one an, But as 
these two momenta must be equal, this gives thu? = Qahg: 
hence then v* = 4ag, and v= 2,/ag, for the value of the 
velocity sought; which therefore is exactly the same as the 
velocity generated by the gravity in falling through the 
space a, or the whole height of the fluid. 


For example, if the fluid were air, of the whole height of 
the atmosphere, supposed uniform, which is about 54. miles, 
or, 27420 feet; = a... Then: 2VWagi= 227720 * 167.2 
1335 feet = v the velocity, that is, the velocity with which 
common air would rush into a vacuum. 


Corol.1. The velocity, and quantity run out, at different 
depths, are as the square roots of the depths. For the velo- 
city acquired in falling through as, is as ¥ AB. 


Corol. 2. The fluid spouts out with the same velocity, 
whether it be downward or upward, or sideways; because 
the pressure of fluids is the same in all directions, at the 
same depth. And therefore, if an adjutage be turned up- 
ward, the jet will ascend to the height of the surface of the 
water in the vessel. And this is confirmed by experience, 
by which it is found that jets really ascend neariy to the 
height of the reservoir, abating a small quantity only, for the 

VOL. Ill, AA 


q 


| 
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friction against the sides, and some resistance from the air 
and from the oblique motion of the fiuid in the hole. 


Corol. 3. The quantity rou out in any time, is equal to a 
column or prism, whose base is the area of the hole, and its 


length the space described in that time by the velocity ac-— 


quired by falling through the altitude of the fluid. And the 


quantity is the same, whatever be the figure of the orifice, if 


it is of the same area. 
Therefore, if a denote the altitude of the fluid, 
and / the area of the orifice, 
also g = 16%, feet, or 193 inches; 
then 2h/ag will be the quantity of water discharged in a 
second of time; or nearly 83,h/a cubic feet, when a and 
are taken in feet. 
So, for example, if the height @ be 25 inches, and the 
orifice 4 = 1 square inch ; then 2h,/ag = 2,/25 x 193 = 
139 cubic inches, which is the quantity that would be dis- 


charged per second. 


> 
SCHOLIUM. 


When the orifice is in the side of the vessel, then the ve- 
locity is different in the different parts of the hole, being less 
in the upper parts of it than in the lower. However, when 
the hole is but small, the difference is inconsiderable, and the 


altitude may be estimated from the centre of the hole, to ob- 


tain the mean velocity. But when the orifice is pretty large, 
then the mean velocity is to be more accurately computed 
by other principles, given in the next problem. 


It is not to be expected that experiments, on the quantity 
of water run out, will exactly agree with this theory, as well 
on account of the resistance of the air, as the resistance of 
the water against the sides of the orifice, and the oblique 
motion of the particles of the water on entering it. For, it 
is not merely the particles situated immediately in the column 
over the hole, which enter it and issue forth, as if that column 


only were in motion; but also particles from all the sur-— 
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rounding parts of the fluid, which is in commotion quite 
around; and the particles thus entering the hole in all direc 
tions, strike against each other, and impede one another’s 
motion: from which it happens, that it is the particles in the 
centre of the hole only that issue out with the whole velo- 
city due to the entire height of the fluid, while the other 
particles towards the sides of the orifice pass out with de- 
creased velocities; and hence the medium velocity through 
the orifice, is somewhat less than that of a single body only, 
urged with the same pressure of the superincumbent colutmm 
of the fluid. And experiments, on the quantity of water 
discharged through apertures, show that the quantity must 
be diminished, by those causes, rather more than the fourth 
part, when the orifice is small, or such as to make the mean 
velocity nearly equal to that in a body falling through half 
the height of the fluid above the orifice. 

Experiments have also been made on the extent to which 
the spout of water ranges on a horizontal plane, and com- 
pared with the theory, by calculating it as a projectile dis- 
charged with the velocity acquired by descending through 
the height of the fluid. For, when the aperture is in the 
side of the vessel, the fluid spouts out horizontally with a 
uniform velocity, which, combined with the perpendicular 
velocity from the action of gravity, causes the jet to form 
the curve of a parabola. Then the 
distances to which the jet spouts on ee 
the horizontal plane go, are as the 3 alent Cc 
roots of the rectangles of the seg- 
ments AC . CB, AD. DB, AE. EB. For | 

the ranges Br, BG, are as the times a. . 
and horizontal velocities; but the ve- &-j-——~* 
locity is as AC; and the time of the 
fall, which is the same as the time of moving, is as ,/CB; 
therefore the distance BF is as ,/(Ac . cB) ; and the distance 
BG as /(AD.pDB). And hence, if two holes be made equi- 
distant from the top and bottom, they will project the water 
to the same distance; for if ac = Ep, then the rectangle 

“ A AQ 
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AC . CB is equal the rectangle az . 2B: which makes pF the 
same for both, Or, if on the diameter AB a semicircle be 
described ; then, because the squares of the ordinates cH, 
DI, EK are equal to the rectangles ac . cB, &c; therefore the 
distances BF, BG are as the ordinates cH, pi. And hence 
also it follows that the projection from the middle point p> 
will be farthest, for px is the greatest ordinate. 


These are the proportions of the distances: but for the 
absolute distances, it will be thus. The velocity through 
a ole c, is such as will carry the water horizontally 
through a-space equal to 2ac in the time of falling through 
Ac: but, after quitting the hole, it describes a parabola, and 
comes to F in the time a body will fall through cp; and to 
find this distance, since the times are as the roots of the 
spaces, therefore “ac: ,/CB ::2AC: 24/(AC.. CB) = 2CH = 
BF, the space ranged on the horizontal plane. And the 
greatest range BG = 2p1, or 2D, or equal to AB. 


And as these ranges answer very exactly to the experi- 
ments, this confirms the theory, as to the velocity assigned. 


PROBLEM XXIV. ‘ 


To assign the Time of emptying a Vessel of Water, or other 
Fluid, through a Hole in the Bottom, as AcBE. 


_ Pat A = az the first height of the fluid = A 
above the hole; 
x = vB the variable agree at any ok 
time ; 
a-= the area of the orifice B; 
a’ = the area of the descending sur- 
face CE. 


Now the velocity of any issuing uniform fluid, pene the 
same as that acquired by a body in falling through the height 
ps of the fluid, which is as the square-root of the height ; and 

.$2 being the velocity acquired in falling through the space 


* 


> 
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16 feet; therefore ,/16 :32::,/pDb or f/x: 8% the ve- 
locity of falling through pp, or of the issuing fluid at B ; and 
Sa,/x the quantity issuing in 1 second; or rather, reducing | 
this by 3, then 4: 3:: 8a)/v:6a+/2 for the quantity issuing 
per second, allowing 4 for the contraction of the stream. 
But the content of the space descended by the surface cE, 
is always equal to what issues by the orifice at B; therefore 
the velocities at n and of the descending section cg, are al- 
ways reciprocally proportional, that is, @:a@::6/2# : 
the velocity, per second, of the descending section. fin 


in descending the space x, the velocity may be considered 
as uniform; and uniform descents, - aca described 


wv ° ar 
speces, are as their times ; therefore - sal 22221": ——— 


"6a g/k 
= ?¢, the time of descending « space, or the fluxion of the 
time of exhausting. 


As to the fluent of this fluxion, it will be various, accord- 
ing to the figure of the vessel. If this be a prism of any 
kind whatever, the quantity a’, or the section cE, will be 
always the same constant quantity; and then the fluent will 
be elas « = ¢ the time of exhausting the prism, whose base 
is a’, and altitude x. 


But, for any other figure, the quantity a’, or cx, will bea 
variable quantity, and will alter the form of the fluent, ac- 
cording to the nature of the figure. So, af the vessel be a 
paraboloid for example, the nature of which is such, that 
the different sections are proportional to their distances frora 
the vertex of the curve; that is, as Ba: 6 the seCtion at A:- 


be d 
BD: CE,orash:6::27: -~- = @, the value of a’; which bes 
ing substituted for it in the general value of ¢, it becomes’ 


‘s b 3 : gg Re: ; 
‘= wea; the whole fluent of which is , for the time of 


the complete exhausting of the vessel acBE at the vertex 


downwards. 


Bat if the vertex were upwards, the fluxion of the time 
here ba . 

would be ¢ = oF x =) the whole fluent of which would 

*. 


> 
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b 
bet = : 8 for the time of exhausting the paraboloid at 


the base, “is “ vertex upwards, Hence it may be observed, 
that this latter time is just double the former, when the ver- 
tex was downwards ; ; also that this last, with the vertex down- 


wards, is but the 2 x part of the time Fat the prism of equal 


base “ft altitude first above found, or that the three times 
are in proportion respectively as the three numbers 3, 2, 1, 
having all the same base and altitude; also that all their trmes 
are proportional to the base and root of the altitude directly, 
and as the orifice inversely, 


The times for many other figures may be seen in the first 
article i in my Mathematical Miscellany. 


In the above investigation, the resistance made by the air 
to thei issuing fluid, is neglected, the issue being supposed to 
be made in a vacuum. But the difference of effect ought 
not to be neglected, when the density of the medium ee 
any considerable proportion to that of the issuing fluid. It 
will make no difference in the account, in whatever part of 
the base the aperture is placed, the altitude of the surface 


above it being the only consideration. Nor is it material” 


what the figure of it is; whether circular, square, triangular, 
&c, or regular or not; its area alone being the only neces- 
sary consideration, 


PROBLEM XXY. 


To determine the Issue of a Fiuid through a Notch at the Top 
of a V essel. 


If a patch or slit EH in form of a parallelogram, be cut in 
the side of a vessel, full of water, ap; the quantity of water 
flowing through ty will be 3 of the quantity flowing through 
an equal orifice, placed at the whole depth xe, or at the base 
GH, in the same time; it being supposed that the Wessel is 
always kept full. | 


— 
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For, the velocity at Gu is to the velo- 
city at IL, as YEG to WEL; that is, as 
GH Or IL to 1K, the ordinate of a para- 
bola EkH, whose axis is EG. Therefore 
the sum of the velocities at all the points 
I, is to as many times the velocity at G, 
as the sum of all the ordinates 1K, to the 
sum of all the 11’s; namely, as the area of the parabola EGH, 
is to the area EGHF; that is, the quantity running through 
the notch &H, is to the quantity running through an equal 
horizontal area placed ut GH, as EGHKE, tO EGHF, Or as 2 to 
3; the area of a parabola being 3 of its circumscribing pa- 
rallelogram. 


Corol. 1. The mean velocity of the water in the notch, is 
equal to 3 of that at Gu. o 

Corol. 2. The quantity flowing through the hole 1eH1, is 
to that which would flow through an equal orifice placed as 
low as GH, as the parabolic frustum 1GHK, is to the rectangle 
‘qcuu. As appears from the demonstration, 


PROBLEM XXVI. 


To determine the Time of filling the Ditches of a Work with 
Water at the Top, by a Stuace of 2 Feet square; the Head 
of Water above the Sluice being 10 Feet, and the Dimensions 

_of the Ditch beng 20 Feet wide at Bottom, 22 at Top, 9 
deep, and 1000 Feet long. 


The capacity of the ditch is 189000 cubic feet. 

But /16: W10::32: 847/10 the velocity of the water 
through the sluice, the area of which is 4 square feet ; there- 
fore 32,/10 is the quantity per second running through it ; 


or 24710 only when reduced 4 for the contraction of the 


7875 ; 
Ho = 2490 


stream ; consequently 244/10 : 189000 :: 1” : — 
or 41’ 10" nearly, is the time of filling the ditch, 
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PROBLEM XXVII. 


To determine the Time of emptying a Vessel of Water by a 
Sluice in the Bottom of it, or in the Side near the Bottom, 
the Height of the Aperture being very small in respect of 
the Altitude of the Fluid. 


Put a = the area of the aperture or sluice; 
d = the whole depth of water ; 
x = the variable alt. of the surface above the aperture; 
= the area of the surface of the water. 
Then 716: W7x7:: 32:82 the velocity with which the 
fluid will issue at the sluice; and hence a’: a::8V 7: 5 v= 


the velocity with which the surface of the water will descend 
at the altitude .r, or the space it would descend in | second 


. ° ae 6 
with the velocity there, or it is only we when reduced 2 for 


the contraction of the stream. Now in descending the space 
x, the velocity may be considered as uniform; and uniform 


° . 6 h fe 
descents are as their times; therefore caf SON caine eo 
the time of descending x space, or the fluxion of the time of 


— dk 


exhausting. That is, t= Saya" 


Now, when the nature or figure of the vessel is given, 
there will be given a’ in terms of 2; which value of a’ being 
substituted into this fluxion of the time, the fluent of the re- 


sult will be the time of exhausting sought, 
So if, for example, the vessel be any prism, or every | 
where of the same breadth; then a’ is a constant quantity, 


a’ 
and therefore the fluent.is — Vv x. But when x = d, this 
becomes — “4d, and should be 0; therefore the correct 
, 

fluent is ¢ = = x (4d — 2) for the time of the surface 
descending till the depth of the water be x And when 

t a 
x = 0, the whole time of exhausting is barely —V/ A 


And hence if a’ be 10000 square feet, a = 1 square foot, 
and d = 10 feet; the time is 10540 seconds, or 2° 55’ ‘i. 
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Again, if the vessel be a ditch, or canal, of 20 feet broad 
at the bottom, 22 at the top, 9 deep, and 1000 feet long; 


then is 90:90 + v:: 20: a ~ yx 20 the breadth of the 


surface of the water when its depth in the canal is'x ; and 


| 90 + ; 
therefore a = “x 20000 is the surface at that time. Con- 
ie —a't 90 - x —L . . 

sequ = ee Shenae 
shah bi t or ye 10000 x —5 hase, is the ceten 
of the time; the correct fluent of which, when v = 0, Is 
10000 | 180-4 2d 10000 X 186 X 3 __ at i , : 
ae Swamy eae Ad dit ee a = 20666 nearly, or 


5° 44° 26", the whole time of exhausting by a sluice of 1 foot 
square. 


PROBLEM XXVIII. 


To determine the Time of emptying any Ditch, or Znundation, 
Kc, by a Cut or Notch, from the Top to the Bottom of it. 


Let 2 = as, the variable height of the descend- — | | 
ing water at any time; Aj =f OR 
b = ac, the breadth of the cut ; DPE 

d = the whole or first depth of water ; 
A = the area of the surface of the water in the 

ditch 5 

g = 167; feet, the descent by gravity in hap 
Now, the velocity at any point D, is as y BD, that is as 
the ordinate pE of a parabola Bec, whose base is ac, and al- 
titude as. ‘Therefore the velocities at all the points in az, 
are as all the ordinates of the parabola,’ Consequently, the 
quantity of water running through the cut ABGC, In any 
time, is to the quantity which would run through an equal 
aperture placed all at the bottom, in the same time, as the 
area of the parabola aBc, to the area of the parallelogram 


A Cc 


ABGC, that is, as 2 to 3. " 

But fg: /%:: 2g: 27 gx, the velocity at.ac; there- 
fore2/gxr x be x = Fou gx is the quantity discharged 

4by Jer . ‘ 

per second through aBcc; and consequently awe is the 


velocity per second of the descending surface. Hence then 
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4 bz,/gr : re a. —3Ar 28s 4 ’ . ° 
yoga hn 1”: tis Jea = ¢, the fluxion of the time of de- 
scending. 


Now when a the surface of the water is constant, or the 
ditch is equally broad throughout, the correct fluent of this 
fluxion gives ¢ = ae x —S for the general timéof sink- 
ing the surface to any depth x. And when x = 0, this ex- 
pression is infinite ; which shows that the time of a complete 
exhaustion is infinite. 

But if d = 9 feet, b = 2 feet, a = 21 X 1000 = 21000, 
and it be required to exhaust the water down to ¥; of a foot 
deep; then t= 55 and the above expression becomes 


3x 21000 3— 
elie Bh tt me = 14400", or just 4 hours for that time. 
4x4, 


And if it be required to depress it 8 feet, or till 1 foot depth 
of water remain in the ditch, the time of sinking the water 
_ to that point will be 43’ 38”. 

Again, if the diteh be the same depth and length as before, 
but 20 feet broad at bottom, and 22 at top; then the de- 
si atin ce be a variable quantity, and, by prob. 


; hence in this case the flux. of 


the time, or = hebahian an ei ee 
> OF abaya? Bbafe ™ aa/s 


1000 90—z  90—d 
fluent of whichis ¢ = (7 " __——“) for the time of 


x; the correct 


| Biya * (pe — 7a 
sinking the water to any depth 7. 
Now when x = 0, this expression for the complete ex- 
haustion becomes infinite. 
But if ...7 = 1 foot, the time ¢ is 42’ 562 
Andwhen x = 4, foot, the time is 3° 50’ 28” 5. 


PROBLEM XXIx. 


To determine the Time of filling the Ditches of a Fortificaiion 
6 Feet deep with Water, through the Sluice of a Trunk of 
3 Feet Square, the Bottom of which is level with the Bottom 
of the Ditch, and the Height of the supplying Water is 9 
Feet above the Bottom of the Ditch. 
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Let AcDB represent the area of the vertical sluice, being 
a square of 9 square feet, and ax level with the bottom of 
‘the ditch. And suppose the ditch filled to any height ar, 

the surface being then at EF. 
- Put a = 9 the height of the head or supply ; 

S43 "= AB = Acy 
g = 16, 7 ** 
A = the area of a horizontal section of 
the ditches ; 
=a -— ak, the height of the head 
above EF. 

Then /g:/v::2g¢:2vgx the velocity with which the 
water presses vem the 5 AEFB; and theref. 2,/gxrx 
AEFB = 26V gx (a — x) is the quantity per second running 
through AEFB. Aiso, the quantity running per scesea 
through ECDF is 2¥gxv x lincor = Ub /gr(b —a+ 2), 
nearly. For the real quantity is, by proceeding as in the last 
prob. the dificrence between two parab. seps. the alt. of the 
one being 2, its base 6, and the alt. of the othera — 6; and 
the medium of that dif . between its greatest state at AaB, 
where it is AD, and its least state at CD, where it is 0, is 
nearly {3ED. Consequently the sum of the two, or 2b,/ gx 
(4 + 116 — x) is the quantity per second running in by the 


a+} pag ; 
whole sluice acps. Hence then 167 gz x re as 
the rate or velocity per second with which the water rises in 
: . ; 
. ; » £ —6A “a *4 
the ditches; and soy —#:: t= — > = ee ho 


v ~ b/3 c— 2 
ye fluxion of the time of filling to any height ax, putting 


=a+ 11d. 
Lange when the ditches are of equal width throughout, 4 
is a constant quantity, and in that case a correct fluent of 


, ‘ : 6 ¢ 
this fluxion is ¢ = ar x log. (< vo x rey aa ~ the gene- 


ral” expression for the time of Alling to any height ax, or 
a— x, not exceeding the height ac of the sluice, And 


when z = ac = @ — b= d suppose, then ¢ = oe x log. 


x 
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(at . ren is ia; time of filling to cp the top of the 
sluice. 


Again, for filling to any height Gu above the sluice, x de- 
noting as before a — ac the hight of the head above Gu, 
2,/gx will be the velocity of the water through the whole 
sluice ap: and therefore 2b*/ gt Hee nastity! per second, 


2) 
and wa hid = v the rise per second of the water in the ditches; 


. ” ' Zz aa \ z 
consequently v: ~*::1°:f¢= — spear tarts —~ the gene- 
ral fluxion of the time; the correct fluent of which, being 
Owhenx=a-—-b=d,ist= ogre (7d — Vx) the time of 


filling from cp to GH. 
Then the sum of the two times, namely, that of filling 
iron AB to ne. and that of filling from cp to GH, is 


/d—,fx c d 
Co +5 log. (Sa. rk for the whole 


7 [ 


time Ue ee Aste using the numbers in the prob., this” 


6— 4/3 6 49 4°79 y/42— 4/6 
becomes we Aa of Vn * x1. 7 ae Te Ls 
0°035772774, the time in terms of a the area of the length 
and breadth, or horizontal section of the ditches. And if we 
suppose that area to be 200000 square feet, the time re- 
quired will be 7154”, or 15 59’ 14", 

And if the sides of the ditch slope a little, so as to be @ 
little narrower.at the bottom than at top, the process will be 
nearly the same, substituting for a its variable value, as in 
the preceding problem. And the time of filling will be very 


nearly the same as that above determined. ’ 


PROBLEM XXX. 


But uf the Water, from which the Ditches are to be filed, be 
the Tide, which at Low Water 1s below the Bottom of the 
Trunk, and rises to suppose 9 Feet above the Bottom of tt by a 
regular Rise of One Foot in Half an Hour ; wt ws required to 


a eel 
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ascertain the Time of Filling ut to 6 Feet high, as before in 
the last Problem. 


Let acpp represent the sluice; and when the tide has 
risen to any height Gu, below cp the top of the sluice, with- 
out the ditches, let rr be the mean height of the water within. 
And put 5 =3' = ap Fe; 


& — 1G tens ? i i 
A horizontal! section of the Rent : : 
c ‘D 
oy AG; Gg vs seed 
gh =~ Bd. 2 5 OF Cone co 
A B 


Then Wg: VEG:: 2g : 2/g(4—2) the velo- 
city of the water through azre ; and 
: VEG:: 49:49 g(r—z) the mean vel. through EGHF ; 
harce 2b2V g(« —z) is the quantity per sec. through AEFB ; 
and 46(r — z),/g(¢—2z) is the same through EGHF ; 
conseq. $b, g x (22 + 2)/(@ — z) is the whole through 
AGHB ape second. This quantity divided by the surface a, 


gives - e's, (29 4+ z)/(v—z) = v the velocity per second 


with which EF, or the surface of the water in the ditches, 


rises. Therefore 
Rane a eI iad 
OB a Re Eire es CTR Ea 
- But as cu rises uniformly 1 foot in 30’ or 1800", there. 
fore 1: AG:: 1800” : 1800x = ¢ the time of the tide rising . 
3A Z or 
2bh/z on (Qx+2),/(r—2)’ 
mz = (2¢ 4+ z)/(x—2) . «is the fluxional equa. expressing 
A __ 3200 
1200b/g ~ 2321 


through 4G; conseq. ¢ = 1800% = 


the relation between x and z; where m = 


or 13327 when aA = 200000 square feet. | 
Now to find the fluent of this equation, assume z = 


S t's 11 4 p 
Av? + Bre + cv2= + px= &c. So shall 
Ls A 4 A?+ 43 7 AS +4aB+8c 10 
—Z) mT? = LEFF eet 2 rc 
V(r—-z) =a ze crue et? &e, 
97 +2= an aat4 as + or &e, 


3a? 9, A3+6AB 12, 
Qr+2)/(4—z)4 = Qn? e- ax — Zio x XG, 


a a 


3. 4 5 
12 +2 = 12 + av’ + Br? + Crees 
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and mz = SmAx? re 4 Lonard + z TmnerteL ; mp ? x Kc 
Then equating the coefhicients of the like terms, 


so shall and consequently 
4 
AINA i= 22, A= 
3mB = O, B= 0, 
24 
II mow tS Daa > 
s MC = ZA ’ e= = D1bma? 
x 44 ates | Niches 343 3 — 16 P 
&e ; &c. 


Which values of a, 8, c, &c, substituted in the assumed 
value of z, give 

Arie G4 xx 16 14 

wh Pisme 5. S715mi . 
orz = x? very nearly, 
5m 

And when x = 3 = ac, then z = ‘886 of a-foot, or 10% 
inches, = AE, the height of the water in the ditches wher 
the tide is at cp or $ feet high without, or in the first hour 
and half of time. 

Again, to find the time, after the above, when _ : ; 
EF arrives at cp, or when the water in the 77774 
ditches arrives as high as the top of the sluice. Be Ree Ae 

The notation remaining as before, 
then 2bz,/g(2—z) per sec. runs through ar, oo % 
and £4(3 — z),/g(x—2) per sec. thro’ Ep nearly ; 
therefore 2b,/g X(12+2z),/(#—2) is the whole per second 

through ap nearly. 
conseq. “8 2x (12 +2) /(# — z) = 2 is the Vibe per 
ees ant of the point £ ; and therefore 


@izt: t= = ie x TT = 1800x, or 
mz=(12+2)¥ (x2) aber i Nb = Te = 232, nearly. 
Assume z = ax + Be aa ein a5 DEE &e. So shall 
W7(¢-—2z) = Ps _ ‘2? nee ee -- at &c 5 
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x 2 F 3 
(12+2). W(w~2). es 122? %—6axte—(fa* + 6a)x?% Kc ; 


* E t. ° 3 ° 
mz = {max x 4- 4mBr?x ++ Smeorx? x &c. 
Then, equating the like terms, &c, we have 


= = 24 Sey EES nearly, &c 
mye, yA by m2 ? Th Bag 20 anes J» J 
8 3 24 96 5 64 
Hence z = — yr? + yt Spee Sec 

¥ a m2 ¥ 3 5m3 otf 3m & 
3 


8 
Orz= — v* nearly. 


But, by the first process, when . = 3, z = *8863 which 
substituted for them, we have z = ‘886, and the series = 
1°63; therefore the correct fluents are 


B35 bi 94 
z— °*886 = — 1°63 tae ee 


9 
or z+ °744 = — 2% _ ha &c. 

And when z = 3 = ac, it gives x = 6°369 for the height 
of the tide without, when the ditches are filled to the top of 
the sluice, or 3 feet high ; which answers to 3" 11’ 4”. 

Lastly, to find the time of rising the remaining 3 feet above 
the top of the sluice; let 


« = ce the height of the tide above cp, Gente H 
z = cE ditto in the ditches above cp; o3 
and the other dimensions as before. C oe 
Then /g : /EG:: 2g : 2\/g(v — z) = the ve- 

focity with which the water runs through the A & 


whole sluice ap ; conseq. AD x 24/g(" —z) = . 
18,/8(v —z) is the quantity per second running through the 


18.yg ; 
sluice, and ae V(*—z) =v the velocity of z, or the rise 


.% Ae 
of the water in the ditches, per second; hence v: z:: 1": 


z P . ! : 
Uh olen waraee ait 1800%, and i &V (x — z) is 
A 3200 


the fluxional equation; where mm = Sie cae 
To find the fluent, 


3 4 5 6 
Assume z = ar*+Br*+-cr?+-pr* &e. 


3 43 Soh 
Then x -z=-4 — ax*—pr?—ca* &e, 
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xe A 2 A2+4R 3 
kV (rz) = ve —p tte — —— 28k Ke 
4 > Ss . Z e 3, 
Mz ‘= anar*x + dnpr?*x + incar*x Kc. 
Then equating the like terms gives 
Dees Meee at ee pretense) 
aes Sm a) ee os 90n3 ? yy ™ $10n*? : 
2 3 1 1 5 1 
— —-, z game Tas. = tps! 2 —_— Z a eee 3 4 Py 
Hence z ted aut Sone” ae, &e 


But by the second case, when z = 0, v = 3°369, which 
being used in the series, it is 1:936; therefore the correct 


fluent is z= — 1:°936 + 2 yt — | x &e. And when 
3n 6n? 


z= 3, x = 7; the heights above the top of the sluice, 
answering to 6 and 10 feet above the bottom of the ditches. 
That is, for the water to rise to the height of 6 feet within 
the ditches, it is necessary for the tide to rise to 10 feet with- 
out, which just answers to 5 hours; and so Jong it would 
take to fill the ditches 6 feet deep with water, their horizon- 
tal area being 200000 square feet. 

Further, when x» = 6, then z = 2'117 the height above 
the top of thesluice ; to which add 3, the height of the sluice, 
and the sum 5°117, is the depth of water in the ditches in 4 
hours and a half, or when the tide has risen to the height of 
9 feet without the ditches. 

Note. In the foregoing problems, concerning the efflux 
of water, it is taken for granted that the velocity is the same 
as that which is due to the whole height of the surface of the 
supplying water : a supposition which agrees with the prin- 
ciples of the greater number of authors: though some make 
the velocity to be that whieh is due to the half height only: 
and others make it still less. ~ 

Also in some places, where the difference between two pa- 
rabolic segments was to be taken, in estimating the mean 
velocity of the water through a variable orifice, I have used 
a near mean value of the expression; which makes the ope- 
ration of finding the fluents much more easy, and is at the 
same time sufficiently exact for the purpose in hand. 
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We may further add a remark here concerning the method 
of finding the fluents of the three fluxional forms that occur 
in the solution of this problem, viz, the three forms mz = 
(2v + 2)/(@ — z)#, and mz = (12 + z)v(x — 2)x, and 
mz = ./(« — z)x, the fluents of which are found by assum- 
ing the fluent mz in an infinite series ascending in terms of 
+ with indeterminate coefficients a, B, c, &c, which coefhi- 
cients are afterwards determined in the usual way, by equat- 
ing the corresponding terms of two similar and equal series, 
the one series denoting one side of the fluxional equation, 
and the other series the other side. By similar series, is 
meant such as have equal or like exponents; though it 
is not necessary that the exponents of all the terms should 
be like or pairs, but only some of them, as those that are not 
in pairs will be cancelled or expelled by making their coeffi- 
cients = 0 or nothing. Now the general way to make the 
two series similar, is to assume the fluent z equal to a series 
in terms of x, either ascending or descending, as here 

za bot! 4 x + &e for ascending, 

or 2 == 2" + #-* + 2’ -*’ &e fora descending 
series, having the exponents r, r +s, 7 + 2s, &c, in arithe 
metical progression, the first term 7, and common difference 
s; without the general coefficients a, B, c, &c, till the values 
of the exponents be determined. In terms of this assumed 
series for z, find the values of the two sides of the given 
fluxional equation, by substituting in it the said series j istead: 
of z; then put the exponent of the first term of the a. side 
equal that of the other, which will give the value of the first 
exponent r; in like manner put the exponents of the two 
2d terms equal, which will give the value of the common 
difference s; and hence the whole series of exponents. ay 
7s, r+ 2s, &c, becomes known. 

Thus, for the last of the three fluxional equations above 
mentioned, viz, mz = W(#—z)%, or only z = /(L — 2)%3 
having assumed as above z = a + 2+! &c, and taking the 
fluxion, then z= a"="% + a7+'-"x + &c, omitting the co- 
efficients ; and the other side of the equation (x — 2)% = 

VOL. III, BB 
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V(v—x— 2+! &c) = xFx¥— v'-7% Kc. Now the exponents 
of the first terms made equal, give r — 1 = 3, theref. 
r=i1-+Z=>; and those of the 2d terms made equal, 
give r-++s— L=r—4, theref. s—l=—, and s=t—1=4; 
conseq. the whole aside series of exponents 7, 7 + 5, 
r+ 2s, &c, become 3, 4, 3, &c, as assumed above in pa. 368. 

Again, for the 2d equation mz or & = (12-+4+2)7(c—2)*% 
= (2+ 2)V(v — 2z)*%; assuming z= 2’4a"+! Ke as before, 
then $=2°—"é4.0'+'-"% Ke, and (x — z)4 = 27% — xt Tz 
&c, both as above; this mult. by a4 + z or a + 2°44’! &c, 
gives axt% — ax’—tx &e: then equating the first exponents 
gives r—1=2 or r=3, andr+s—1l=r—fors=l—i=t; 
hence the series of exponents is 3, 4, $, &c, the same as the 
former, and as assumed in pa. 366. 

Lastly, assuming the same form of series for z and & as in 
the above two cases, for the 1st fluxional equation also, viz, 
Mz = (20 +2z)/ (x — z)*x: then /(xr—2z)x = x7 %— aT Secs 
which mult. by 2x+2, gives Qxri—x'+tE &e: here equat- 
ing the first exponents gives r— 1 = 3, or r = 43 and equat- 
ing the 2d exponents gives r +s — l=r+i,ors= ag 
hence the series of exponents in this case is 3, 8, 43, &c, as 
used for this case in pa. 365. Then, in every case, the ge- 
neral coefficients A, B, c, &c, are joined to the assumed 
terms a7 21+") sec, ai the whole process eanducted as in the 
three pages just referred to. 

Such then is the regular and legitimate way of proceeding, 
to obtain the form of the series with respect to the expo- 
nents of the terms. But, in many cases we may perceive at 
sight, without that formal process, what the law of the ex- 
ponents will be, as I indeed did in the solutions in the pages 


above referred to ; and any person with a little practice may 
easily do the same. 
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PROBLEM XXXI. 


Yo determine the Fall of the Water under ihe Arches of a 
Bridge. 


The effects of obstacles placed ina current of water, such 
as the piers of a bridge, are, a sudden steep descent, and an 
increase of velocity in the stream of water, just under the 
arches, more or less in proportion to the quantity of the ob- 
Struction and velocity of the current: being very small and 
hardly perceptible where the arches are large and the piers 
few or small, but in a high and extraordinary degree at 
London-bridge, and some others, where the piers and the 
sterlings are so very large, in proportion to the arches. ‘This 
is the case, not only in such streams as run always the same 
way, but in tide rivers also, both upward and downward, but 
much less in the former than in the latter. During the time 
of flood, when the tide is flawing upward, the rise of the 
water is against the under side of the piers; but the differ- 
ence’ between the two sides gradually diminishes as the tide 
flows less rapidly towards the concluson of the ood. When 
this has attained its full height, and there is no longer any 
current, but a stillness prevails in the water for a short time, 
the surface assumes an equal level, both above and below 
bridge. But, as soon as the tide begins to ebb or return 
again, the resistance of the piers against the stream, and the 
contraction of the waterway, cause a rise of the surface ibo¥e 
and under the arches, with a fall and a more rapid descent 
in the contracted stream just below. The quantity of this 
rise, and of the consequent velocity below, keep both ora- 
dually increasing, as the tide continues ebbing, till at quite 
low water, when the stream or natural current being the 
quickest, the fall under the arches is the greatest. And it is 
the quantity of this fall which it is the object of this problem 
to determine. 

Now, the motion of free running water is the consequence 

BBQ 
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of, and produced by the force of gravity, as well as that of 
any other falling body. Hence the height due to the velo- 
city, that is, the height to be freely fallen by any body to 
acquire the observed velocity of the natural stream, in the 
river a little way above bridge, becomes known. From the 
same velocity also will be found that of the increased current 
in the narrowed way of the arches, by taking it in the reci- 
procal proportion of the breadth of the river above, to the 
contracted way in the arches ; viz, by saying, as the latter is 
to the former, so is the first velocity, or slower motion, to 
the quicker. Next, from this last velocity, will be found 
the height due to it as before, that is, the height to be freely 
fallen through by gravity, to produce it. Then the differ- 
ence of these two heights, thus freely fallen by gravity, to 
produce the two velocities, is the required quantity of the 
waterfaliin the arches; allowing however, in the calculation, 
for the contraction, in the narrowed passage, at the rate as 
observed by Sir I. Newton, in prop. 36 of the 2d book of the 
Principia, or by other authors, being nearly in the ratio of 
25 to 21, or sufficiently near as 24 to 20, that is, as 6 to 5. 
’ Such then are the elements and principles, on which the ) 
solution of the problem is easily made out as follows. 
Let b = the breadth of the channel in feet; 
~ = mean velocity of the water in feet per second ; 
c = breadth of the waterway between the obstacles. 


5 
Now 6:5::¢: —c, the waterway contracted as above. 


And —€ ee oe 
Also 32? : th S062: Saee seh ie fallen to gain the bina 


And 327: (= oy: nul Det —) x ce ditto Tor the vel. © ee =v. 


7, the velocity in the contracted way. 


Then Ge me a —is the measure of the fall voariirel 


Or (=y- —1] Xo ; is a rule for computing the fall. 


1°4452—¢® 


Or rather —7,— x »* very nearly, for the fall. 
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ExaM.1. For London-bridge. 


By the observations made by Mr. Labelye in 1746, 

The breadth of the Thames at London-bridge is 926 feet ; 
The sum of the waterways at the time of low-water is 236 ft. ; 
Mean velocity of the stream just above bridge is 34 ft. per sec. 
But under almost all the arches are driven into the bed great 
numbers of what are called dripshot piles, to prevent the bed 
from being washed away by the fall. These dripshot piles 
still further contract the waterways, at least 4 of their mea- 
sured breadth, or near 39 feet in the whole; so that the 
waterway will be reduced to 197 feet, or in round numbers 
suppose 200 feet. 


1 
Then 6 = 926, c = 200, v=3t =~. 
1°44.12— ¢2 1234765 —40000 
Hence ail = = “467. 


Theref. 4 x 10;,=4°63 ft.=4 ft. 8 in. the fall required. 
By the most exact observations made about the year 1736, 
the measure of the fall was 4 feet 9 inches. 


Exam. 2. For Westminster-bridge. . 


Though the breadth of the river at Westminster-bridge is 
1220 feet ; yet, at the time of the greatest fall, there is water 
through sity the 13 large arches, which amount to but 820 
feet; to which adding the breadth of the 12 intermediate 
plete; equal to 174 feet, gives 994 for the breadth of the - 
river at that time; and the velocity of the water a little above 
the bridge, from many experiments, is not more 2} feet per 
second. 

Here then. 6 = 994, c = 820, v = 2: = 3. 


1:441°—@ 1492771672400 
Hen PEEWGS Pree AE 


Theref. 017436 x 5%.=3'08827 ft. =1 in. the fall required ; 
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which is about half an inch more than the greatest fall ob- 
served by Mr. Labelye. 
And, for Blackfriar’s-bridge, the fall will be much the 
same'as that of Westminster, 
*,* See other solutions at pa. 87, &c, vol. 


PROBLEM XX4SIfE. 


To determine the Circumstances relating to the Pressure of | 
the Atmosphere on & given Space on the Earth, with the 
Height of a uniform Atmosphere, Sc. 


It is a fact, and may easily be shown, that the height is a 
constant quantity, or always the same, of a uniform atmo- 
sphere above any place, which shall be all of the uniform 
density with the air there, at any time, and whatever the 
weight of it then be as measyred by the barometer. This 
property happens from the circumstance of the density of 
the air, at the earth’s surface, always varying in propor- 
tion as indicated by the barometer ; in fact, the height of 
the barometer at once shows both the density of the air and 
its weight, at the time. So that, as the density varies in 
exact proportion to the weight of the column, it therefore 
requires a column of the same height, in all cases, to make 
the respective w eights or pressures ; when the temperature — 
or heat of the air is the same. Thus, if w and w denote the 
weights of atmosphere above any places, p and d their re- 
spective densities, and u, / the heights of the uniform co- — 
Inmns, of these densities and weights: Then, each density 
multiplied by the height being equal to the weight, viz. 


auxp=w, andhxd=w; hence <= H, and — =h; 

but, as the weight is always proportional to the density, | 
w 

therefore — = @ that i is, H = h, or the heights are equal. 


The general height of the Neda atmospheric column is 
thus easily found. The weight of a cubic foot of mereury 
is 13600 ounces, or the pressure of a column of mercury 1 
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foot in height on a square foot of base; but the medium 
pressure of the atmosphere is equal to the column of 29°75 
inches of the barometer; therefore 12: 29°75 :: 13600: 
33717 ounces pressure of the atmosphere on a square foot ; 
hence 33717 + 144 = 234 ounces or 144 |b. is the medium 
pressure of the atmosphere on a square inch. i 

Again, for the height of a uniform atmosphere. Since 
33717 ounces is the pressure of the atmosphere on a square 
foot ; and 12 ounces is the weight of a cubic foot of air, or 
its pressure on a square foot of 1 foot in height; therefore 
13: 1:: 33717 : 27600 feet the height the atmosphere would 
be if it were all of the same uniform density as at the earth, 
being equal to 51 miles in height very nearly. 


PROBLEM XXXxIlIl. 


To show that the Density of the Atmosphere, at different 
Heights above the Earth, Decreases in such Sort, that when 
the Heights Increase in Arithmetical Progression, the Den- 
sities Decrease in Geometrical Progression. 


Let the indefinite perpendicular line ap, 
erected on the earth, be conceived to be divided 
into a great number of very small equal parts, 
A, B, c, D, &c, forming so many thin strata of 
air in the atmosphere, all of different density, 
gradually decreasing from the greatest at A: 
then the density of the several strata a, B, c, 
p, &c, will be in geometrical progression de- 
creasing. 

For, as the strata a, B, c, &c, are all of equal 
thickness, the quantity of matter in each of them), is as the 

. 7 density there ; but the density in any one, being as the com- 
‘pressing fironk is as the weight or quantity of all the matter 
from that place upward to the top of the atmosphere ; there- 
fore the quantity of matter in each stratum, is also as the 
whole quantity from that place upward. ‘Now, if from the 
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whole weight at any place as B, the weight or quantity in 
the stratum B be subtracted, the remainder is the weight at 
the next stratum c; that is, from each weight subtracting a 
part which is proportional to itself, leaves the next weight ; 
or, which is the same thing, from each density subtracting a 
part which is proportional to itself, leaves the next density. 
But when any quantities are continually diminished by parts 
which are proportional to themselves, the remainders form 
a series of continued proportionals: consequently these den- 
sities are in geometrical progression. 

Thus, if the first density be p, and Hoe each be taken 


its nth part; there will then remain its ~ part, or the — 


art, putting m for »—1: and therefore the series of den- 
bd § > 

m2 m3 m* 

D, =D, =D, &c, the common ra- 


2 n> 
‘ tio of the series being that of 2 to m. 


ee ° ™ 
sities will be p, —p, 
n 


SCHOLIUM. 


Because the terms of an arithmetical series, are pro- 
portional to the logarithms of the terms of a geometrical 
series: therefore different altitudes above the earth’s surface, 
are as the logarithms of the densities, or of the weights of 
air, at those altitudes. ® 

So that, if p denote the density at the altitude a, 

andd ~- the density at the altitude a; 
then a being as the log. of p, and a as the log. of d, 


the dif. of alt. a—a will be as the log. p — log. d. or log, a 
And if a=0, or p the density at the surface of the earth; 


then. any. altitude above the surface a; is as the log. of =. 


Or, in general, the log. of =; is as the altitude of the one 


place above the other, whether the lower place be at the 
surface of the earth, or any where else. | 
And from this property is derived the method of deter- 
mining the heights of mountains and other: eminences, by 
the barometer. For, by taking, with: this instrument, the 
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pressure or density, at the foot of a hill for instance, and 
again at the top of it, the difference of the logarithms of these 
two pressures, or the logarithm of their quotient, will be as 
the difference of altitude, or as the height of the hill; sup- 
posing the temperatures of the air to be the same at both 
- plages, and the gravity of air not altered by the diflerengaaiag 
tances from the earth’s centre. 

But as this formula expresses only the relations between 
different altitudes with respect to their densities, recourse 
must be had to some experiment, to obtain the real altitude 
which corresponds to any given density, or the density 
which corresponds to a given altitude. And there are va- 
rious experiments by wich this may be done. The first, 
and most natural, is that which results from the known spe- 
cific gravity of air, with respect to the whole pressure of the 
atmosphere on the surface of the earth. Now, as the alti- 
tude a is always as log. =; assume / so as that a= A x log. 
where / will be of one constant value for all altitudes ; and to 
determine that value, let a case be taken in which we know 
the altitude a corresponding to a known density d; as for 
instance, take a@ = i foot, or 1 inch, or some such small al- 
titude ; then, because the density p may be measured by the 
pressure of the atmosphege, or the uniform column of 27600 
feet, when the temperature is 55°; therefore 27600 feet will 
denote the density p at the lower place, and 27599 the less 


e = . Ae 27600 r 
density d at 1 foot above it; consequently 1=/Ax log, ee 

: ‘ : 43429448 

which, by the nature of logarithms, is nearly=/ x 007 


=o ; nearly; and hence 4 = 63551 feet ; which gives, 
for any altitude in general, ibis theorem, viz. @= 63551 x 

log. = >» or = 63551 x log. — ~ feet, or 10592 x log. — 
fathoms ; where o is the Solunid of mercury which is equal 
to the pressure or weight of the atmosphere at the bottom, 
and m that at the top of the altitude @ ; and where m and m 
may be taken in any measure, either feet or inches, &c. 
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Note, that this formula is adapted to the mean tempe- 
rature of the air 55°.. But, for every degree of temperature 
different from this, in the medium between the temperatures 
at the top and bottom of the altitude a, that altitude will 
vary by its 435th part; which must be added, whet! that 
medium exceeds'55°, otherwise subtracted.—Note, also, that 
a column of 30 inches of mereury varies its length by about 
the +#, part of an inch for every degree of heat, or rather 
séee Of the whole volume. 


But the formula may be rendered much: more convenient 
for use, by reducing the factor 10592 to 10000, by changing 
the temperature proportionally from 55°. Thus, as the diff. 
592 isthe 18th part of the whole factor 10592; and as 18 Is 
the 24th part of 435; therefore the correspondent change of 
temperature is 24°, which reduces the 55° to 31°. So that 


the formulais, a = 10000 x log. — fathoms, when the tem- 


perature is 31 degrees; and for every degree above that, the 
result is to be increased by so many times its 435th part. 


PROBLEM XXXIV. 


To divide a Given Circle into any proposed number of Egual 
Parts, by means of other Circles Concentric with the Given 
one. 


This problem is now added here in the appendix, having 
heen omitted in its proper place, Tract xiv. vol. 1, beside 
another problem, allied to this, as well in their nature as in 
their fate and consequences. 

A particular case of the present problem was first of all, 
as far as I] know, proposed in that useful and valuable little 
annual work, the Ladies’ Diary, for the year 1709, in this 
form, viz, Seven men bought a grinding-stone, of 5 feet or 
60 inches in diameter : and they agreed together, that each 
should grind off an equal share ; so that one, beginning first, 
should grind his 7th part off the stone ; then a second should 
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* 
grind Ars; and so continue in suecession. The question 
then was, how much of the diameter must each person grind 
down. In the year following an answer was so far given 
only, as merely to specify.the numbers denoting the parts of 
the diameter to be ground down, or cut off, without any 
mode of solution whatever, either arithmetical or geome- 
trical, 

Many years after, a geometrical construction was given by 
a Mr. Hawney, in his little book on Mensuration, but so 
clumsy in its manner, as to require the description of a se- 
parate circle to ascertain the point through which each of 
the dividing concentric circles was to pass. And in this state 
it remained till about the year 1770, when Mr. James Fer- 
guson, the ingenious lecturer on astronomy and mechanics, 
in his peregrinations came to Newcastle, where I then re- 
sided, to give the usual course of his public lectures; on 
which occasion, with the assistance of my friends, I not only 
procured him a numerous and respectable audience, but also 
accommodated him with the free use of the new school- 
rooms, which I had lately built, to deliver his lectures in, 
As Mr. F. commonly amused my family and friends at even- 
ings, with showing his ingenious mechanical contrivances’ 
and drawings, on ove of these occasions he produced a very 
neat and correct drawing, on a large scale, being a con- 
struction of this problem, in the very prolix way as before 
given by Hawney, but which he exhibited as a great curio- 
sity. I ventured to remark to him that I thought a much 
simpler construction might be found out, for this problem, 
which was then new to me. As Mr. F. expressed a wish to 
see such a thing asa simpler construction, which however he 
seemed to have his doubts of procuring, I was induced to 
consider it that evening, before going to rest, and discovered 
the construction as follows. 

The next morning I showed him the new and very sim- 
ple construction, with its demonstration, which he seemed 
much pleased with, on account of the apparent simplicity, 
but doubted very much that it might not be correctly true. 
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On referring him to the accompanying demonstration, to sa- 
tisfy himself of its geometrical truth, I was much surprized 
by his reply, that he could not understand that, but he would 
make the drawing correctly on a large scale, which was 
always his way to try if such things were true. In my sur- 
prize I asked where he had learned geometry, and by what 
Euclid or other book; to which he frankly replied he had 
never learned any geometry, nor could ever understand the 
demonstration of any one of Euclid’s propositions. Accord- 
ingly the next morning, with a joyful countenance, he 
brought me the construction, neatly drawn out on a Jarge 
sheet of pasteboard, saying he esteemed it a treasure, having 
found it quite right, as every point and line agreed to a 
hair’s breadth, by measurement on the scale. This problem 
and the construction he afterwards inserted, with the pro- 
per acknowledgment, as a curiosity, in his Select Mechanical 
Exercises, p. 123, printed in 1773. . 

Also, in the beginning of the year 1771, when I com- 
menced the republication of the Ladies’ Diary Questions, I 
inserted the following solution of the question, at pa. 53 of 
the first volume of that work, viz. 

‘¢ This question is to divide a circle, of 60 inches dia- 
meter, into 7 equal parts, or rings, bounded by concentric 
circles; of which the solution will be thus.—The whole 
circle, and each inner circle, after the several preceding 
rings are ground off, must be to each other, by the ques- 
tion, as the numbers 7, 6,5, 4, 3,2, 15 but circles are as 
the squares of their diameters ; therefore the diameters of 
those circles will be to one another as 4/7, 4/6, W5, ./4, 
3, /2, “1: but the greatest diameter is 60 or 6013; 
therefore, by proportioning, all the other diameters will 
come out thus, 600/$, 60,/$, 604, 6073, 60/2, 60,/2: 
‘Now the last of these is the diameter of the last person’s 
share, and the difference between every two adjacent terms 
being taken, will give the double breadth of the rings, or the 
parts of the whole diameter to be ground off by the other 
persons ; VIZ. 


a aa at te tee 


TRACT 38. PROBLEMS. ! 381 


60/F—60,/$ sav v° x 60 =4'450794 the 1st person’s share 


60 $-60V5="-5 x 60=4-889951 the 2d 
609/360 $ =" x 60=5'353518 the 3d 


60/$-60V j= x 60=6'076516 the 4th 
607 $—60y $=XOM x 60=7'2078711 the 5th 
607 7—60 yi x 60=9°393480 the 6th 


60,/$—60V7= x 60=22°677870 the 7th 


i 
WA 


‘¢ The Construction will be thus.—Divide the radius az of 
the given circle into 7 equal parts; and at the points of di- 
vision erect perpendiculars meeting the circle, described on 
AB as a diameter in D, F, H, K) M, 0; then with the cehtre 
A, and radii Ao, AM, Ak, &c, circles being described, the 
thing is done.—For, by the nature of the circle, the squares 
of the chords or radii, Ao, AM, AK, &c, are as the versed 
sines AN, AL, AI, &c. % 

<‘ Scuoxium. _ It is evident that the above method of cal- 
culation and construction will both hold true also when 
the shares are unequal in any proportion; by using the re- 
spective proportional numbers in the former, and dividing 
the radius aB in the same proportion in the latter. 

Very soon after the first publication of the sclution of the 
Diary question as above, it was seized by a shameful pla- 
giary, in the person of a Mr. Samuel Clark, who had com- 
menced, after mine, a republication of the Diary questions, 
under the title of ‘ The Diarian Repository.’ When this 
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editor arrived at the question above referred to, he copied 
my solution, and very inconsistently ascribed it to Mr. 
Hawney before mentioned, though it was manifest to every 
geometrician that no two constructions could be more unlike 
one another, as the one employed sevem different circles, 
and as many separate constructions, in effecting what the 
other accomplished by only one single circle and construc- 
tion. From the many gross errors, and the numerous 
omissions and absurdities in that ‘ Repository of Errors,’ 
as it was commonly called, it soon fell under the necessity 
of coming to a sudden and premature end. 

With respect to the other curious and kindred problem, 
that of dividing a given circle into any number of parts, that 
may be all mutually equal, both in area and. perimeter, some 
account of its rise has been already given in the first volume 
of these tracts, at pa.254. It was first anonymously pro- 
posed in the year1774, as a curlous paradoxical problem, 
but unaccompanied by the least hint or intimation of any 
mode of solution whatever. It was indeed announced by 
the proposer expressly as a seeming paradox, but accom- 
panied with the declaration that it nevertheless was capable 
of a strict geometrical solution. The problem remained 
however some time unanswered, being given up’ by all per- 
sons as a matter quite hopeless, and by most deemed in fact as 
little to be expected as the quadrature of the circle itself, to 
which it was thought to be nearly allied, and indeed depen- 
dent on it; for no person could imagine any other. possible 
way of acircle being divided, even in idea, into'any number 
of such parts, that might be equal both in area‘and perime- 
ter, than by radii drawn from the centre to the points. of 
equal divisions in the circumference. This was, in effect, 
reducing the problem to this other, of dividing the circum* 
ference in any proposed number of equal parts, which was 
deemed on all lands a thing impossible to be effected. After 
some time no person thought any more of the matter, but as 
a thing never to be accomplished; and so I believe it might 
haye remained to this day, but for the occurrence of some 
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such accident as that which actually led myself into the train 
of thought which soon ended in the complete solution, The 
construction I first inserted in the Critical Review, as before 
mentioned in the first volume of these Tracts; next it was 
introduced into my first or quarto volume of Tracts, pub- 
lished in the year 1786, accompanied with a short account of 
its rise, and a considerable improvement of it, by rendering 
the property general for the division into all ratios of parts, 
equal or unequal, and extending the same to all ellipses, as 
well ascircles. After which I have usually been in the habit 
of introducing it into my Dictionary, and the more common 
elementary books on mensuration, &c. 

Lastly, finding the two constructions introduced, by my 
friend Mr. ire the ingenious and learned mathematical 
professor in the university of Edinburgh, into the first edi- 
tion of his Geometry, published in 1809, both together in 
pages 222 and 223; as these problems were rather of .an 
uncommon nature, I did think some mention might have 
been made of their origin, or the circumstances that have at- 
tended them; and I hinted as much to my ingenious friend, 
In consequence of which, probably, I find that the learned 
author has, in the Znd edition of his work, separated those 
two constructions, placing one among the elements at p. 181, 
and the other among the notes at p. 432, accompanied with 
the note, that it was the result of a ‘principle briefly sug- 
gested by Mr. Lawson, and afterwards explained and demon- 
strated in Dr. Hutton’s Mathematical Tracts.’ This change 
and announce seemed to make the matter rather worse than 
before, as it appeared less unfriendly, or less uncivil, to omit 
noticing a fact entirely, than to mis-state it. For, certain it’ 
is, that Mr. Lawson never suggested any principle or exten- 
sion, nor any mode of solution whatever; the discovery 
having been made and published by myself alone. 
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